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ABSTRACT 
 
 
Nitrogen and Phosphorus Dynamics as Applied to Water Quality under  
 
Management-Intensive Grazing 
 
 
by 
 
 
Vaughn J. Thacker, Master of Science 
 
Utah State University, 2009 
 
 
Major Professor:  Dr. Rhonda Miller 
Department:  Agricultural Systems Technology and Education 
 
 
 Contamination of freshwater systems by nutrients has been studied extensively 
in the eastern U.S.  Little research on the fate of nutrients in grazing conditions has 
been done in the western U.S.  Western agriculture is often irrigated and research 
addressing the potential for leaching under these conditions is warranted.  This study 
used Management Intensive Grazing (MIG) and eight grass-legume mixtures to 
evaluate the management and forage choice in relation to nitrogen and phosphorus 
leaching to ground water.  Soil water samples were taken weekly through the growing 
season from 2001 through 2003.  Water samples were analyzed for nitrate, ammonia, 
and phosphate.   Soils were described and a textural discontinuity was discovered in 
two of the six soil profiles described.  Data were analyzed by treatment, grass, legume, 
and soils by treatment. 
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 Three-year nitrate-N means were found to be in a range of 4.50 to 48.10 and 
2.11 to 49.5 mg NO3- -N L-1, at 60 cm and 90 cm, respectively.  The amount of 
leaching depended on the grass-legume mixture as well as the soil characteristics.  
Significant differences were found between grasses (P=0.0001) with tall fescue 
leaching the least and orchardgrass leaching the most.  Differences in leaching under 
legumes were also found to be significant (P=0.001), with white clover always 
leaching more than birdsfoot trefoil when significant differences were observed.  
Ammonia leaching was nonsignificant at a studywide analysis. 
 Phosphorus treatment concentrations ranged from 0.025 to 0.41 mg PO4- -P L-1 
and were significantly different (P=0.001).   A comparison by grass type indicated that 
perennial ryegrass leached significantly higher concentrations of P (P=0.01) at 60 cm 
than the other grasses, but found no difference at 90 cm.  No significant differences 
were found between legumes at either depth.  Leaching of P was less affected by the 
soil textural discontinuity than nitrogen leaching.   
 Soil differences affect leaching in varying degrees.  Nitrate was affected most 
strongly by soil differences.  These differences were more strongly evident at 60 cm 
than 90 cm.  Soils affected phosphorus leaching differently than nitrate, and were 
more strongly affected at 90 cm than at 60 cm.  Ammonia was not affected by soil 
characteristics.   
  
 
 
(326 pages) 
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CHAPTER 1 
 
INTRODUCTION 
 
 
Water quality has become a topic of much concern, with attention increasingly 
turning to non-point sources of pollution.  Non-point sources are reported as causing 
the majority of water pollution issues in the U.S., with nutrients, pesticides and salts 
listed as contributors (Osmond et al., 1997).  As a result, farm management practices 
are being scrutinized for their possible contribution to water contamination.  The 
largest concern comes from nitrogen (N) and phosphorus (P).  These nutrients create 
problems that affect human health as well as the environment.  High levels of nitrates 
in the water can cause methemoglobinemia, blue baby syndrome, in infants and 
children.  It can also lead to gastric disorders if taken in excess by adults.  In addition, 
nitrogen contributes to the eutrophication of aquatic systems (Cameron et al., 1996).   
Heckrath et al. (1995) stated that phosphorus is the single most limiting nutrient 
controlling eutrophication of fresh water systems.   
Management intensive grazing (MIG) is being scrutinized as a sustainable 
agricultural practice.  Management intensive grazing (MIG) is the practice of using 
small sections of a larger pasture, called paddocks, in which cattle are stocked at a 
high rate for a short duration of time (Hanson, 1995).  MIG practices can promote an 
increase in forage yield and can support higher stocking rates.  The high stocking rate 
ensures that most of the plant material will be consumed in the 12 to 24 hour grazing 
period.  However, MIG may have a detrimental effect on water quality (Stout et al., 
2000) by increasing the inputs of N and P through cattle urine and feces deposited on 
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 the grazed area, which can result in increased losses of nutrients via leaching and 
runoff (Russelle, 1992).    
Soil properties influence the movement and fate of nutrients in soil.  The 
degree of soil saturation can affect the amount of N that is denitrified and amount of 
the gaseous N that reaches the soil surface.  Restrictive soil layers can perch water or 
enhance the effect of a fluctuating water table.  Saturated conditions increase the 
chemical reduction in the soil, which in turn can increase the solubility of soil 
phosphorus (Vadas and Sims, 1999).   Soil textural properties also effect nutrient 
movement.  Macropores may facilitate large losses of nutrients through preferential 
flow, which can increase the rate and amount of N and especially P lost through 
leaching (Jensen et al., 2000; Williams et al., 2002).  Soil aggregate stability is 
enhanced by increases in soil organic matter that occurs in pasture management 
systems (Pulleman et al., 2003).  Increased aggregate stability translates to increased 
soil pore stability.  Soil organic matter is higher in finer textured soils and could 
correlate to peds and pores being stable longer under wetting conditions.  van Es et al. 
(2004) observed that finer textured soils (clay loam) leached more P than the coarser 
textured soil (sandy loam).   It has also been observed that organic forms of P and N 
can increase their leaching through the soil profile due to organic coatings on particles.  
These organic coatings inhibit soil interactions with particles and allowing them to 
move further in the soil than non-coated particles (House et al., 1998; Ulen, 1999); the 
majority of P applied to these plots was in an organic form, with a small part of the N 
applied being in an organic form.    
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 Management intensive grazing systems (MIG) are dynamic systems that are 
affected by different factors including soil and vegetation characteristics, and by 
climatic conditions and variations.  The type of forage used can influence the effect 
and intensity that MIG practices have on water quality.  Stout et al. (2002) found that 
orchardgrass leached considerable amounts of nitrate, in the east under non-irrigated 
conditions.  Tall fescue was found to allow less leaching of nitrate than orchardgrass.  
Tall Fescue grew more uniformly over the growing season, because it did not go 
dormant during in the hotter and drier part of the season as did orchardgrass (Cherney 
et al., 2002).   
White clover was found to have a more shallow rooting system than tall fescue 
or perennial ryegrass but depleted the soil water more quickly than the grasses 
(Karsten and MacAdam, 2001).   Results from this study showed no significant 
differences between legumes or soils and treatments however if white clover depletes 
water more quickly it can increase the volatilization and so may decrease the overall 
leaching concentration.  However, much of the nitrogen would have been nitrified thus 
possibly increasing nitrate leachate concentrations.  
This study investigated the impacts of grasses, legumes and grass-legume 
mixtures on nitrogen and phosphorus leaching from management intensive grazing 
systems in irrigated agriculture. Soil characteristics likely play a major role in the 
behavior of water percolation and, therefore, nutrient movement in the profile.  
Therefore, we also investigated soil properties in the treatment plots looking for 
insights into the movement and fate of nutrient in soil.  Results will be interpreted to 
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 determine the best choice of forage for these production conditions in relation to 
nitrogen and phosphorus leaching.   
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                                                            CHAPTER 2 
 
NITROGEN DYNAMICS AS APPLIED TO WATER QUALITY UNDER  
 
MANAGEMENT-INTENSIVE GRAZING 
 
 
Abstract 
 
 
 Nitrogen pollution in water can adversely affect human health by causing blue 
baby syndrome and the environment by promoting the eutrophication of waterways.  
Farm management practices are being scrutinized for possible contribution to water 
pollution.  Laws are now being passed to regulate this form of non-point source 
pollution.   
 Management Intensive Grazing (MIG) is the practice of using small sections of 
pasture, called paddocks, in which high stocking rates are used for 12 to 24 hours to 
ensure that plant material is consumed efficiently, and yields are maximized. 
  Suction cup lysimeters installed at 60 and 90 cm were used to collect leachate 
from study plots once a week during the growing season.  Leachate samples were 
analyzed for nitrate, nitrite and ammonia/ammonium using a LACHAT auto-analyzer. 
  The 3-yr leachate concentrations ranged from 4.50 to 18.10 mg nitrate-N L-1 
for the tall fescue/white clover and orchardgrass/white clover treatments, respectively 
at 60 cm, and from 2.11 to 49.50 mg nitrate-N L-1 for tall fescue/white clover and 
orchardgrass/white clover treatments, respectively at 90 cm.  Grasses were 
significantly different (P=0.0001).  Generally orchardgrass produced leachate with the 
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 highest concentration of nitrate.  The only exception to this was in 2003 when tall 
fescue leached more at 60 cm and perennial ryegrass leached more at 90 cm.   
  Legumes were significantly different (P=0.001).  In all cases when legumes 
had significant differences in nitrate leachate means, white clover produced the 
highest concentrations of nitrate in leachate. 
  Tall fescue appears to be the grass best suited for use in management intensive 
grazing systems (MIG) under irrigated conditions of the west presented in this study.  
It appears to be suited to irrigated conditions were deep leaching is possible and where 
irregular rainfall or irrigation may be possible.  Meadow brome and birdsfoot trefoil 
have shown similar adaptations to these conditions with orchardgrass, perennial 
ryegrass, and white clover not being recommended for irrigated conditions similar to 
those in this study.   
 
Introduction 
 
 
Nitrogen (N) is a major agriculturally applied nutrient.  Pollution of waterways 
by N can affect human health as well as the environment. The pollution of waterways 
by agricultural non-point pollution has become a problem throughout the world.  As a 
result, farm management practices are being scrutinized for their possible contribution 
to water contamination.   
Nitrogen is highly mobile in the environment.  Losses can occur through 
denitrification, runoff, leaching, or immobilization.  Nitrogen is the most likely to 
contaminate water sources by runoff and leaching.  A large-scale study of nitrogen 
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 movement from land to waterways in the southern half of Sweden found that 45% of 
the nitrogen from land sources came from arable (farm) land (Arheimer and Brandt, 
1998).   
Nitrogen contributes to health and environmental concerns in a number of 
ways.  First it can cause methemoglobinemia, blue baby syndrome, in infants and 
children.  It can also lead to gastric disorders if taken in excess.  In addition, nitrogen 
contributes to the eutrophication of aquatic systems (Cameron et al., 1996).    
Management intensive grazing (MIG) is a management practice that uses small 
sections of a larger pasture, called paddocks, in which cattle are stocked at a high rate 
for a short duration of time (Hanson, 1995).  The high stocking rate ensures that 
almost all of the plant material will be consumed in the 12 to 24 hour period during 
which livestock graze. However, management intensive grazing can also have a 
detrimental effect on water quality (Stout et al., 2000).  Although management 
intensive grazing (MIG) increases forage yield and animal carrying capacity, it may 
increase the inputs of N through cattle urine and feces, as well as fertilizer, deposited 
on the grazed plot (Russelle, 1992; Stout et al., 2000).   
 Commercial fixation of nitrogen for fertilizer synthesis requires a large amount 
of energy.  Legumes, which fix atmospheric N2, can reduce the amount of inorganic 
nitrogen fertilizer needed for grass production.  When grown in a grass-legume 
mixture, legumes can transfer fixed nitrogen to the companion grasses (Boller and 
Nosberger, 1987; Brophy et al., 1987).  Up to 68% of alfalfa-fixed N and 69% of 
birdsfoot trefoil-fixed N were shown to transfer from the legume to the associated 
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 grasses (Brophy et al., 1987).  The use of legumes and MIG practices can shorten the 
N cycle for a pasture system and result in the recycling of N within the pasture 
(Russelle, 1992).  Nutrient recycling within the farm can reduce the need for 
commercial fertilizer, but can increase the danger of surface runoff into streams and 
leaching of nutrients to groundwater (Cameron et al., 1996).  
The adaptability of grasses and legumes to specific conditions may be an 
important factor in their environmental soundness for management intensive grazing 
(MIG) practices for a specific area.  The Caine Dairy in the southern part of Cache 
Valley Utah provides a relatively flat pasture area in which to study nitrogen leaching 
in an irrigated MIG system. The low slope allows for the assumption of zero runoff 
and provides an excellent situation in which to investigate the environmental 
suitability of each grass, legume, and grass-legume mixture under an irrigated MIG 
system in relation to nitrogen contamination of ground water through leaching.   
The main objectives of this study are to evaluate four grasses, two legumes and 
the combination of these grass-legume mixtures and to measure and analyze nitrogen 
leaching under these treatments in relation to a MIG system.  It will also evaluate each 
grass, legume and treatment combination of grass-legume and their environmental 
soundness for use in an irrigated pasture in the intermountain west.  
  
Materials and Methods 
 
 
This study was conducted on field plots at Utah State University’s Caine Dairy 
Research facility, which is located in the southern part of Cache Valley in northern 
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 Utah (UTM Zone 12 :  easting 424901, northing 4611998, or 41.65620 Latitude N and 
111.90195 Long W.)   The climate in this part of Cache Valley is typified by cold, 
moist winters and warm, dry summers. The Utah Climate Center at Utah State 
University maintains a weather station (Logan 5 SW Exp Farm) at an experimental 
farm just north of the Caine Dairy.  A 33-year average of this data indicated mean 
annual precipitation was 462.3 mm (18.2 inches) of water with a range of 222.38 mm 
(8.76 in) in 2001 to 773.9 mm (30.47 in) in1983.  Mean annual air temperature is 45° 
F to 48° F and elevation ranging from 1368 to 1375 m (4,490 to 4,510 feet) (Utah 
Climate Center, 2008).   
Soils in the study area are mapped as Greenson loam, which receive additional 
moisture due to the upward moving ground water (Erickson and Mortensen, 1974).   
Greenson soils are classified as fine-silty, mixed, superactive, mesic Oxyaquic 
Calcixerolls. Current classification was checked using the official series description 
database (Soil Survey Staff, 2008). 
We described and sampled six pedons to determine the variability in soils in 
our study area.   Plots for soil description were chosen by observable changes in 
leachate volume due to irrigation adjustments made between 2002 and 2003.  Figure 1 
shows a layout of the study area with and overlay of the distribution of Greenson soils 
(the shaded areas) and the Greenson with silty clay substratum soils determined by our 
field investigations.   
Leachate volumes at 60 and 90 cm were recorded for the 2002 and 2003 field 
seasons.  Irrigation regime was changed from 5.08 cm (2 in.) per irrigation event in  
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Figure 1:  Map of study area, including plot numbers and treatments; grouped into one  
of two soil types.  The un-shaded area indicating soil type 2 (Greenson with silty clay substratum) and the shaded 
 areas represent soil type 1 (Greenson).  Plots labeled by number, then E or L, E = early grazed and L = grazed 
after on hay harvest.  MB = meadow brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass,  
BFT = birdsfoot trefoil, and WC = white clover. 
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2002 to 2.54 cm (1 in.) in 2003 due to observable soil compaction.  Leachate 
volumesand 60 and 90 cm remained the same in 2002 and 2003 for plots 2, 11, and 57.  
The leachate volumes in plots 44 and 56 went from 90 cm having the higher volumes 
of leachate in 2002 to 60 cm having higher leachate volumes in 2003.  Plot 32 was 
chosen because in 2003 the 60 and 90 cm leachate volumes were approximately equal.   
Soils were described following standard procedures and methods for soil 
description as set forth by the NRCS (Schoeneberg et al., 1998) and using the Keys to 
Soil Taxonomy (Soil Survey Staff, 1999) to classify soils.  Table 1 lists the plot 
number where soil was described and its family classification.  Pedons 2, 11, 32 and 
57 are correlated to the Greenson series, with loam in the surface grading to silt loam 
and/or light silty clay loam with depth.  Pedons 42 and 56 are similar to the Greenson 
series except that there is an abrupt textural change to silty clay at about 110 cm.   
The plots were 22 m by 15 m (72 ft by 50 ft).  Plots were grazed for 24 hours 
with spring Holstein heifers (180 to 320 kg cow-1) when forage reached the optimal 
height of 25.4 cm (10 in.).  The number of times that plots were grazed depended on 
the forage available.  Plots were grazed roughly the same number of times except the 
 
Table 1:  Family classification of soils described in the study area.   
Plot /Pedon # Family classification 
2 Fine-silty, mixed, superactive, mesic Aquic Calcixeroll 
11 Fine-silty, mixed, superactive, mesic Aquic Calcixeroll 
32 Fine-silty, mixed, superactive, mesic Oxyaquic Calcixeroll 
42 Fine, mixed, superactive, mesic Typic Palexeroll 
56 Fine-silty, mixed, superactive, mesic Aquic Calcixeroll 
57 Fine-silty, mixed, superactive, mesic Oxyaquic Calcixeroll 
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perennial rye plots which were grazed fewer amounts of times as the biomass did 
grow as quickly as the other grass.  As a result perennial ryegrass plots were grazed 
fewer times than the other treatments.  The cattle did not leave the study area during 
the grazing period and no additional food was brought in to supplement grazing. 
Plots were watered using sprinklers in 12-hr sets on a weekly basis beginning 
in late May and continuing through the season, approximately mid-September.    In 
2001, 5.08 cm (2 in.) of water was applied weekly except from June 29 through 
August 2 and no plots received water during this time, because the irrigation system 
was broken.  In 2002 plots received 5.08 cm (2 in.) for the entire growing season.  In 
2003, 5.08 cm (2 in.) of water were applied from the beginning of the season until 
mid-season (July 12).  After July 12, 2.54 cm (1 in.) of water was applied at each 
irrigation event, which was accomplished in 6 hr sets instead of 12 hr sets.   
Precipitation was recorded at a Logan 5 SW Exp Farm (Utah Climate Center).  
Table 2 shows monthly totals of precipitation (inches of water) for each year in the 
study, 2001 through 2003.  The data was taken by a weather station located on the 
Cache Valley Experimental Farm north of the Caine Dairy.  An N indicates months 
where no data was taken in the table. 
Plots were planted using four grasses and two legumes to create eight grass-
legume mixtures.  Four replicate plots for each grass-legume mixture were planted for 
a total of 32 plots.  The four grasses were meadow brome (Bromus riparius), orchard 
grass (Dacytlis glomerata), perennial ryegrass (Lolium perenne L.) and tall fescue 
(Festuca arundinaciea).  The two legumes were birdsfoot trefoil (Lotus corniculatus 
L.) and white clover (Trifolium repens L.).  The eight grass-legume mixtures were  
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Table 2:  Precipitation at climate station: Logan 5 SW Exp Farm, averaged 
     by month for 2001 through 2003. 
 
 
 
meadow brome/birdsfoot trefoil, meadow brome/white clover, orchardgrass/birdsfoot 
trefoil, orchardgrass/white clover, perennial ryegrass/birdsfoot trefoil, perennial  
ryegrass/white clover,tall fescue/birdsfoot trefoil and tall fescue/white clover. The 
plots were planted in the spring of 2000 using a Brillion seeder (Brillion Corporation, 
Brillion, WI). 
Ammonium nitrate fertilizer was applied to the plots at a rate of 56 kg N ha-1 
(50 lbs N ac-1).  Each plot received 1.85 kg (4.07 lbs) of fertilizer per application, for a 
total of 3.70 kg (8.14 lbs) in 2001 and 2002 and 1.85 kg (4.07 lbs) in 2003.  The 
fertilizer was assayed at 34-0-0.  It was applied twice in 2001 and 2002 and once in 
2003.  The dates of application were 4/17/01, 8/21/01, 5/16/02, 8/14/02 and 4/22/03. 
Porous cup suction lysimeters were installed in the fall of 2000 and spring of 
2001.  They were installed using a Little Beaver ® earth drill (Little Beaver 
Corporation, Livingston, TX.).  Soil excavated from the hole was mixed with water to 
2001 Precipitation 2002 Precipitation 2003 Precipitation
inches mm inches mm inches mm
January 0.5 12.7 N N 0.54 13.59
February 1.51 38.35 N N 1.62 41.02
March 0.82 20.83 1.42 36.07 1.44 36.45
April 1.31 33.27 2.35 59.69 1.21 30.61
May N  N 0.96 24.38 1.74 44.2
June 1.12 28.45 N N 0.42 10.54
July N  N 0.39 9.78 0.19 4.83
August 0.12 3.05 0.28 7.11 N N
September N  N 2.37 60.07 0.43 10.92
October 1.07 27.18 1.53 38.86 0.83 20.96
November N  N 1.63 41.28 1.68 42.55
December 2.31 58.55 0.89 22.61 3.81 96.77
Total 8.76 222.38 11.81 299.85 13.88 352.43
N = no data taken during this month
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make slurry that was placed around each lysimeter to establish and maintain 
hydraulic contact with the soil (Tomer and Burkart, 2003).  Two lysimeters were 
installed in each plot at depths of 60 cm and 90 cm, for a total of 64 lysimeters.  The 
lysimeter opening was located at ground level and plastic sprinkler covers were used 
to protect and provide access to the lysimeters.  To provide additional protection from 
the cattle, round steel covers with metal legs were manufactured and used to cover the 
plastic sprinkler covers. 
The 64 lysimeters were sampled weekly. Leachate was collected beginning in 
Mid-May in 2001, mid-April in 2002, and late March in 2003 through October in all 
years.  A vacuum of 60 to 70 centibars of suction (0.61 to 0.71 kg/cm2 or 60 to 70 kPa) 
was created in each lysimeter at the beginning of the season and following each 
sampling event.  The vacuum created was similar to that created in the lysimeters in 
studies by Paramasivam et al. (2001), and Woodward et al. (2003).   Leachate volume 
was measured using a 125 ml Nalgene bottle that had 5 ml increment markings on it, 
allowing for an accuracy of ± 5 ml.  Samples were collected and placed on ice until 
returning to the lab.  Samples were refrigerated or frozen until analysis was performed.   
Concentrations of nitrogen species (nitrate/nitrite) were analyzed with the 
Lachat Auto-analyzer using the QuikChem Method 12-107-04-1-C determination of 
nitrate/nitrite by flow injection analysis (Sechtig, 1992).  Concentrations of ammonia 
were analyzed on the Lachat Auto-analyzer using QuikChem Method 10-107-6-1-B, 
determination of ammonia (phenolate) by flow injection analysis, colorimetry 
(Prokopy, 2000).   
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Data were analyzed using PROC GLM and PROC MIXED in the SAS 
System version 8.2 (SAS, 1994).  PROC GLM was used to calculate means and 
standard errors for each treatment over each week and to analyze data by grass, 
legume, and each grass-legume mixture.  PROC MIXED was used to determine 
treatment interactions, including grass-legume interaction and yearly interactions of 
grasses and grass-legume mixtures.  PROC Mixed was also used to assess repeated 
measures, and normality.  A log transformation was performed on all data before it 
was analyzed to normalize the data.  
 
Results 
 
 
 The concentration of nitrogen in leachate collected from each treatment varied 
considerably from year to year, with 2002 generally having the highest average 
concentrations.  It also varied from treatment to treatment, with orchardgrass, and 
perennial ryegrass treatments having the highest means.  Figures 2 and 3 show the 
relationships between treatment means for nitrate-N at 60 cm and 90 cm for each year 
and for the three-year nitrate-N means.  Appendix A contains weekly means by depth 
and graphs of the same data for each year as well as the 3-yr comparisons of nitrate-N. 
A comparison of the 3-yr nitrate-N means showed that the orchardgrass/white 
clover treatment had the highest mean leachate concentration of nitrate-N at both 60 
cm and 90 cm.  In contrast, the tall fescue/white clover treatment had the lowest mean 
leachate concentration of nitrate-N.  Table 3 shows a means comparison between  
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Figure 2:  Average nitrate-N concentrations in leachate collected at 60 cm depth from 
treatments, where MB = meadow brome, TF = tall fescue, OG = orchardgrass, PRG = 
perennial ryegrass, BFT = birdsfoot trefoil, and WC = white clover. 
 
 
 
Figure 3:  Average nitrate-N concentrations in leachate collected at 90 cm depth from 
treatments, where MB = meadow brome, TF = tall fescue, OG = orchardgrass, PRG = 
perennial ryegrass, BFT = birdsfoot trefoil, and WC = white clover.    
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Table 3:  Tukey comparison of three-year nitrate-N concentration treatment means 
at 60 cm and 90 cm.  MB= meadow brome, OG=orchardgrass, TF = tall fescue, PRG 
= perennial ryegrass, WC= white clover, and BFT= birdsfoot trefoil.  Means that share 
a common letter are not significantly different. 
 
3 year nitrate-N treatment Mean 60 cm 
  
3 year nitrate-N treatment Mean 90 cm 
Tukey 
Grouping Mean  N Treatment 
Tukey 
Grouping Mean N Treatment 
   mg NO3-N / L      mg NO3-N / L   
  A 2.8958 289 OG/WC   A 3.6763 303 OG/WC 
            
B A 2.4134 250 MB/WC   B 3.0333 297 OG/BFT 
           
B C 2.1926 275 PRG/WC   B 2.7747 304 PRG/WC 
           
B C 2.1627 286 OG/BFT   C 2.0555 295 PRG/BFT 
           
D C 1.7043 272 PRG/BFT  D C 2.0253 296 MB/WC 
           
D  1.5303 289 TF/BFT  D E 1.5641 287 MB/BFT 
            
 D  1.5172 271 MB/BFT   E 1.4520 279 TF/BFT 
            
D   1.5023 236 TF/WC      F 0.7483 266 TF/WC 
 
 
treatments for 3 yr average nitrate-N concentrations and the significance between the 
different treatments. 
In 2001, orchardgrass/white clover at 60 cm and both orchardgrass treatments 
at 90 cm had average leachate concentrations over 10 mg NO3 L-1, the EPA drinking 
water quality standard.  In 2002, all treatments were found to have average nitrate-
Nleachate concentrations over 10 mg NO3 L-1 except for meadow brome/birdsfoot 
trefoil and the tall fescue treatments at both 60 cm and 90 cm.  In 2003 treatments 
exceeding 10 mg NO3 L- 1, at the 60-cm depth, were meadow brome/white clover and 
tall fescue/white clover.  At 90 cm, both orchardgrass treatments and both perennial 
  
19
ryegrass treatments exceeded the EPA drinking water quality standard of mg 10 
NO3 L-1. 
Nitrate-N leaching varied according to grass type as well as grass-legume 
treatment.  Grasses had significantly different nitrate-N leachate concentrations 
(P=0.001).  Plots with orchardgrass had the highest leachate concentrations of nitrate-
N. 
  Plots with tall fescue had the lowest leachate concentrations of nitrate-N.  The 
only exception to this was in 2003 at the 60 cm level, where tall fescue plots produced 
leachate with higher concentrations of nitrate-N than orchardgrass.  At the 90 cm 
depth, the orchardgrass leachate contained higher concentrations of nitrate-N than the 
other grasses as shown in Figures 4 and 5 for 60 cm, and 90 cm depths, respectively.     
  Mean nitrate-N concentration in leachate collected and analyzed by legumes 
birdsfoot trefoil.  This was true in all instances except in the plots containing tall 
fescue.  Among plots containing tall fescue those with white clover produced leachate 
with lower concentrations than those planted with birdsfoot trefoil.  Nitrate-N 
concentrations for 3-yr means compared by legume showed significant differences 
with white clover always leaching higher concentrations of nitrate-N than birdsfoot 
trefoil at both the 60 cm and 90 cm depths. 
  Nitrate leaching can be affected by a number of things including fertilization, 
grazing, and irrigation events. Nitrate concentrations increased following the 
application of fertilizer in the spring and accounted for the largest increase in nitrate 
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Figure 4:  Average nitrate-N concentration in leachate collected at 60 cm depth by 
grass type.  MB = Meadow Brome, OG = Orchardgrass, TF = Tall Fescue, and PRG = 
Perennial Ryegrass. 
 
 
Figure 5:  Average nitrate-N concentration in leachate collected 90 cm depth by grass 
type.  MB = Meadow Brome, OG = Orchardgrass, TF = Tall Fescue, and PRG = 
Perennial Ryegrass.  
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leaching.  Figure 5 shows meadow brome treatments in 2003 and how irrigation, 
grazing and fertilization affect the leachate concentration on nitrate-N.  Leaching of  
nitrate also responded to grazing events.  In the spring and fall, grazing generally 
increased the concentration of nitrate leached. Each grazing event caused an increase 
in nitrate-N leaching.  From late May through mid July nitrate concentrations were 
generally lower than in the rest of the year.  Concentrations from four replicate plots 
were averaged.  Figure 6 shows the average concentrations for each week in 2003 for 
ammonia means, taken from four replicate samples and averaged for each week.  
Concentrations ranged from 0.25 to 1.8 mg N L-1 for perennial ryegrass/white clover 
at 60 cm and orchardgrass/white clover at 90 cm, respectively.  Ammonia leachate 
means were generally non-significant among the treatments.  When analyzed for all 
three years, 
Ammonia concentrations in the treatments were significant at the 0.05 level for 
the 90 cm depth.  Individual yearly means were not significantly different, although 
individual weeks were occasionally significant.  All other comparisons for ammonia-N 
were not significantly different.  Means data for ammonia-N are graphed for each 
week in appendix B. 
Ammonia concentration in leachate increased generally followed grazing and 
fertilizing events; however ammonia concentrations decreased following irrigation 
events.  Ammonia concentrations in leachate for perennial ryegrass are shown in 
Figure 7. 
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 Figure 6:  2003 meadow brome nitrate-N treatment means.  Dates of grazing and fertilizing are indicated by arrows, symbols.   
Arrows point to dates that the pasture was fertilized, thin dashed lines for grazing dates on MB/BFT, thick dashed lines for grazing 
dates on PRG/WC, barbell for dates when both treatments were grazed on the same day and “I” for irrigation d
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2001 Perennial Ryegrass Treatment Means (Ammonia, 60 cm)
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Figure 7:  2001 perennial ryegrass ammonia treatment means.  Grazing shown by * for dates PRG/BFT grazed, + for PRG/WC,  
arrow for date fertilized and an “I” for irrigation dates. 
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Discussion 
 
 
Leachate concentrations are affected by the amount of fertilizer applied, and 
the amount of input through grazing.  Soil nitrogen increased in both 2001 and 2002 
(Koenig, unpublished data) resulting in excessive nitrate leaching in 2002.   In 2003, 
fertilizer was applied once in the spring. This was half the nitrogen applied in the 
previous years.  Water applied through irrigation also played a role in the amount of 
nitrate leached.  The only year in which water was applied at the same rate throughout 
the growing season was 2002.   In 2001 the irrigation system did not work through the 
end of June and throughout July, and in 2003 irrigation amounts were changed from 
5.08 centimeters (2 in.) to 2.54 centimeters (1 in.). 
After drought conditions and manure application, N credits should be increased 
for the following year to account for the increased amount of nitrogen carryover in the 
soil (Cherney et al., 2002).  Average soil N levels were 16.1 mg NO3-N cm-2 in 
2001and 21.31 mg NO3-N cm-2 in 2002 (Koenig, unpublished data).  In 2001 soil N 
levels increased throughout the season.  This increased soil N may be a result of N 
added into the system externally via applied fertilizer and through the mineralization 
of N from soil organic matter and feces deposited on plots.  Nitrogen was also moved 
throughout the study area from one treatment to another by cattle grazing in one plot 
then excreting urine and feces in another plot.  Fertilizer application was external to 
the study; all other movements of N were within the study area.  Soil N concentrations 
determined in the spring of 2002 were lower than in fall 2001 (Koenig, unpublished 
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data).  This loss of soil N during the winter months could be due to leaching, 
volatilization, denitrification, or ammonification. 
 By 2003 soil compaction had occurred, evidenced by an observable decrease in 
water infiltration rates, resulting in the ponding of water on the soil surface and slow 
drying of the soil.  As a result of this compaction, irrigation amounts decreased.  Less 
water infiltration effects the leaching of nutrients and nitrogen transformations.  The 
reduced fertilizer application and irrigation rates contributed to the differences 
observed in the concentrations of nitrogen that leached from 2003 as compared to the 
first two years. 
 Grass-legume mixtures differed in the leachate concentrations produced and 
were found to be significantly different.  These differences were linked with the grass 
that was part of that treatment mixture.  In a related study, Larsen et al. (2004) found 
that tall fescue had a significantly higher root density below 30 cm than did 
orchardgrass.  The difference in root density could account for the lower nitrate-N 
leachate concentrations under plots with tall fescue.  The increased root density below 
30 cm likely allows tall fescue to intercept and use nitrogen through a larger portion of 
the soil profile.  Differences in N-use efficiencies between the grasses, as well as vigor 
and grazing pressure, could also work to determine the nitrate-N concentration of 
leachate.  However, MacAdam et al. (2005) found no significant difference in the 
yields of tall fescue and orchard grass in these plots.  However, Cherney et al. (2002), 
in a study conducted in New York, found that tall fescue utilized more nitrogen than 
orchardgrass on a yearly basis because it produced more dry matter, and that tall 
fescue produced dry matter more evenly throughout the year than orchardgrass.   
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In the final year of the study, orchardgrass produced leachate with lower 
nitrate concentrations than tall fescue, at the 60 cm depth.  This could be attributed to 
a number of possible factors.  In 2003 the irrigation amount changed from two inches 
a week to one inch per week.  Orchardgrass has been found to respond very well to 
nitrogen application (Christie and McElroy, 1995).  It has also been found to have 
higher tissue N content (Cherney et al., 2002).   
In addition, a study on the roots of the grass types in this study has shown that 
tall fescue had a higher root length density below 14 cm than did orchardgrass (Larsen 
et al., 2004).  Orchardgrass has more roots in the upper 14 cm and may have a higher 
tissue N in the above ground biomass.  This higher tissue N may help explain why in 
2003 orchardgrass leached lower concentrations of nitrogen than tall fescue.    
The decrease in irrigation in 2003 along with decreased root density in the 
upper 14 cm for tall fescue as compared to orchardgrass, as found by Larsen et al. 
(2004), may explain why the leachate concentrations were higher in tall fescue at the 
60-cm depth.  At the 90-cm depth orchardgrass produced leachate with a higher 
concentration of nitrate than the other grasses, which were typical of the rest of the 
study results.  Tall fescue was found to have greater root density below 14 cm as 
compared to orchardgrass (Larsen et al., 2004).  Tall fescue could take up higher rates 
of nitrate as compared to orchardgrass below 90 cm.  This greater root density could 
help explain why in 2003, nitrate-N concentrations from tall fescue, at the 90cm depth 
were lower than the nitrate-N concentrations for orchardgrass at that same depth, 
while the opposite was true at the 60 cm depth.   
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 White clover produced leachate with higher nitrate concentrations than 
birdsfoot trefoil, although the differences were not always significant.  Legume 
population densities changed over time.  White clover that is exposed to dry 
conditions and frequent defoliation has been shown to decrease in plant density and 
growth (Singh and Sale, 1998).   MacAdam et al. (2005) found that the percentage of 
white clover cover in grazed plots was higher than the percentage of birdsfoot trefoil 
cover in plots with the same grass species.  The differences in leachate concentrations 
could be caused by root density variations between the two legumes rather than actual 
plant cover densities.  White clover has a moderate taproot system that persists for 
about 1-2 years (Pedersen, 1995).  Birdsfoot trefoil has a taproot system that persists 
approximately twice as long (2-4 years) and is deeper and has more branching root 
structures than white clover (Beuselinck and Grant, 1995).  The branching 
characteristics of the birdsfoot trefoil would allow for potentially greater uptake of 
nitrate compared to white clover.   
 Ammonia is introduced into the system in urine spots left by the cows and 
through fertilizer applications.  In general these ammonia concentrations were low.  
On occasions when a spike in ammonia concentrations did occur, it could generally be 
correlated to either a grazing event or the application of fertilizer.  Ammonia and 
ammonium are readily volatilized as ammonia gas, especially in dry, alkaline soils.  
These soils were generally at field capacity or drier, which would allow large amounts 
of ammonia to escape in the gaseous form or converted to nitrate through nitrification.  
As a result of volatilization and nitrification, levels of ammonium/ammonia in the 
leachate were small. 
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Conclusion 
 
 
 Selection of forage species in MIG systems can affect nitrogen utilization and 
thereby environmental impacts.  In treatments containing tall fescue, nitrate 
concentrations in leachate was generally less than in the other treatments.  In general, 
orchardgrass treatments produced the highest concentrations of nitrate-N in leachate.  
The concentration of nitrate-N in leachate generally exceeded drinking water 
standards of 10 mg L-1 for treatments containing orchardgrass and perennial ryegrass 
at 90 cm, and were under those standards for treatments containing tall fescue and 
meadow brome.  Ammonia loss through leaching was low in all treatments.     
Methods to decrease concentrations of nitrate in leachate may include reducing 
the amount of nitrogen fertilizer applied and/or the timing of application.  Splitting the 
application of fertilizer and applying part of that split amount in the middle of the 
season may be considered as a way to more efficiently supply nitrogen to the growing 
plants in the summer.  
Additional information that could be of benefit in future studies are 
measurement of ammonia volatilization, as a considerable amount of nitrogen may be 
lost through this pathway.   
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CHAPTER 3 
 
PHOSPHORUS DYNAMICS AS APPIED TO WATER QUALITY UNDER 
 
 MANAGEMENT-INTENSIVE GRAZING 
 
 
Abstract 
 
 
 Nutrient loading from farms to water sources is a major source of pollution 
affecting water quality.  One of the largest concerns comes from phosphorus (P).  This 
nutrient creates problems that can affect the environment by promoting the 
eutrophication of fresh waters.  The eutrophication of fresh waterways can cause fish 
kills and obstruct waterways.  Management intensive grazing (MIG) is the practice of 
using high stocking rates of cattle on small pasture plots to maximize forage use.  This 
study examines phosphorus leaching under management intensive grazing practices to 
determine its possible contribution to ground water pollution by leaching to ground 
water.  The study will also evaluate four different grasses, two legumes and the 
treatment of grasses-legumes combinations on how they affect phosphorus leaching to 
ground water. 
 Samples were taken from four replicate plots for each grass-legume treatment.  
Leachate from each plot was collected at 60 cm and 90 cm depths on a weekly basis 
from mid-March to mid-October from 2001 through 2003.  Samples were analyzed for 
phosphate using the ascorbic acid colorimetric method.  Results were analyzed using 
SAS to determine significance between variables and data normality. 
Three-year treatment means of phosphate leaching concentrations were 
significantly different at 60 cm and 90 cm depth (P = 0.001).  Concentrations ranged 
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from 0.025 to 0.035 mg P L-1 for orchardgrass/birdsfoot trefoil and perennial 
ryegrass/white clover, respectively, at 60 cm and 0.028 to 0.041 mg P L-1 for tall 
fescue/birdsfoot trefoil and orchardgrass/white clover, respectively.  Phosphate 
leachate means from each treatment were found to be significantly different in 2003 (P 
= 0.001) at both depths but nonsignificant in 2001 and 2002, at both depths. 
 At 60 cm depth, phosphate leachate means by grass were found to range from 
0.024 to 0.033 mg P   L-1 for tall fescue and perennial ryegrass, respectively and were 
significantly different (P=0.01).  Phosphate leachate means by grass at 90 cm ranged 
from 0.032 to 0.035 mg P L -1 for tall fescue and orchardgrass, respectively.  Grasses 
were found to be significantly different at 60 cm and 90 cm in 2001 and at 60 cm in 
2003 (P=0.05, 0.01, respectively).  In 2002, no significant difference was observed at 
60 cm or 90 cm.   At 90 cm in 2003 no significant differences were observed.  
Comparisons between legumes were not significant.    
 In a management intensive grazing system the type of forage used can have an 
impact on the environment.  There was no significant difference in phosphate 
concentrations in leachate between the legumes, and both may be good choices in a 
grazing situation.  Phosphorous in leachate below grasses were significantly different 
with tall fescue appearing to the best choice from an environmental standpoint. 
 
Introduction 
 
 
Phosphorus (P) runoff and leaching affects the health of water systems.  
Phosphorus is often one of the limiting nutrients required for algae growth in fresh 
water systems and can be an important regulator in the eutrophication process 
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(Heckrath et al., 1995; Cameron et al., 1996).  Organic and inorganic forms of P 
from fertilizers and manure potentially can be introduced to water systems in runoff 
and through leaching.  Agricultural practices are being scrutinized for their 
contribution to P contamination.   
Phosphorus is often the factor controlling the trophic state of a fresh water 
system (Heckrath et al., 1995).  A study conducted in the UK estimated that 43% of P 
loads to watercourses came from agricultural lands (Shepherd and Withers, 2001). In 
addition, Heckrath et al. (1995) estimated P inputs into waterways from agricultural 
sources to be 70% in Denmark and 38% in Germany.  Contamination of P from 
leaching can be a factor in surface water quality.  Levels of 1-7 mg P L–1 can promote 
a significant amount of algal growth (Del Campillo et al., 1999), and the EPA standard 
for surface waters is 0.5 mg P L –1.  Phosphorus leaching from a drained field 
produced leachate with a concentration of 0.504 mg/L (van Es et al., 2004) and Novak 
et al. (2000) found soil P to leach and then move laterally through a buffer strip to 
pollute surface waters. 
  Traditionally, P was thought to be almost completely immobile in soils.   
Recently, P has been shown to leach when a soil becomes saturated with P (Del 
Campillo et al., 1999; Heckrath et al., 1995).  Hooda et al. (2000) describes this 
saturation as the degree of soil saturation of P (DSSP), which is calculated using the 
following equation: 
DSSP(%) = [P]
[Al + Fe] •100             (Hooda et al., 2000). 
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Degree of soil saturation was shown to best relate to dissolved P, or plant available 
P (Hooda et al., 2000).  This study does not implement the above equation, however it 
is included to show that phosphorus in the soil cannot be considered completely 
immobile. 
Soil characteristics and farm management practices are closely related to 
phosphorus pollution.  Phosphorus adheres strongly to soil particles, and Arheimer 
and Linden (2000) found movement was related more with overland flow and erosion 
processes than leaching.  This is especially true of cultivation, which increases the 
potential for P loss through erosion and runoff processes.  In pastures the soils are not 
cultivated and plant materials are help prevent and/or reduce erosion and limit runoff.  
In addition, a study of drained clay soils indicated a risk of loss due to rapid 
macropore flow (Jensen et al., 2000; Williams et al., 2002), and Comfort and Eghall 
(1996) found that P derived from manure could inhibit the precipitation of calcium 
phosphates due to organic coats on particles.  Pasture systems allow for the formation 
and development of more stable pores due to more stable soil aggregates.  Stable soil 
aggregates for due to infrequent cultivation events, and natural processes (Pulleman et 
al., 2003). 
Management intensive grazing (MIG) is the practice of using small sections of 
a larger pasture, called paddocks, in which cattle are stocked at a high rate for a short 
duration of time (Hanson, 1995).  The high stocking rate ensures that most all the plant 
material will be consumed in the 12 to 24 hour period during which they graze.  MIG 
can have a detrimental effect on water quality (Stout et al., 2000).  It may increase the 
inputs of P through cattle urine and feces, deposited on the grazed plot.  Phosphorus 
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pollution of surface and ground water from management intensive grazing practices 
should be considered. 
 Studies on the potential leaching of nutrients from management intensive 
grazing systems (MIG) are being conducted.  Most are conducted in the eastern U.S.   
The adaptability of grasses and legumes to specific conditions may be an important 
factor in their environmental soundness for MIG practices for a specific area.  The 
Caine Dairy in the southern part of Cache Valley Utah provides a relatively flat 
pasture area in which to study phosphorus leaching in an irrigated management 
intensive grazing (MIG) system. The low slope allows for the assumption of zero 
runoff and provides an excellent situation in which to investigate the environmental 
suitability of each grass, legume, and grass-legume mixture under an irrigated MIG 
system in relation to phosphorus contamination of ground water through leaching.   
The main objectives of this study are to evaluate four grasses, two legumes and 
the combination of these grass-legume mixtures and to measure and analyze 
phosphorus leaching under these treatments in relation to a management intensive 
grazing (MIG) system.  It will also evaluate each grass, legume and treatment 
combination of grass-legume and their environmental soundness for use in an irrigated 
pasture in the intermountain west.  
 
Materials and Methods 
 
 
 This study was conducted on field plots at Utah State University’s Caine Dairy 
Research facility, which is located in the southern part of Cache Valley in northern 
Utah (UTM Zone 12 :  easting 424901, northing 4611998, or 41.65620 Latitude N and 
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111.90195 Long W.)   The climate in this part of Cache Valley is typified by cold, 
moist winters and warm, dry summers. The Utah Climate Center at Utah State 
University maintains a weather station (Logan 5 SW Exp Farm) at an experimental 
farm just north of the Caine Dairy.  A 33-year average of this data indicated mean 
annual precipitation was 462.3 mm (18.2 in.) of water with a range of 222.38 mm 
(8.76 in.) in 2001 to 773.9 mm (30.47 in.) in 1983.  Mean annual air temperature is 
45° F to 48° F and elevation ranging from 1368 to 1375 m (4,490 to 4,510 ft) (Utah 
Climate Center, 2008).   
Soils in the study area are mapped as Greenson loam and receive additional 
moisture due to the upward moving ground water (Erickson and Mortensen, 1974).   
Greenson soils are classified as fine-silty, mixed, superactive, mesic Oxyaquic 
Calcixerolls. Current classification was checked using the official series description 
database (Soil Survey Staff, 2008). 
We described and sampled six pedons to determine the variability in soils in 
our study area.   Plots for soil description were chosen by observable changes in 
leachate volume due to irrigation adjustments made between 2002 and 2003.  Figure 1 
shows a layout of the study area with and overlay of the distribution of Greenson soils 
(the shaded areas) and the Greenson with silty clay substratum soils, determined by 
our field investigations.  
Leachate volumes at 60 and 90 cm were recorded for the 2002 and 2003 field 
seasons.  Irrigation regime was changed from 5.08 cm (2 in.) per irrigation event in 
2002 to 2.54 cm (1 in.) in 2003 due to observable soil compaction.  Leachate volumes 
and 60 and 90 cm remained the same in 2002 and 2003 for plots 2, 11, and 57.  The  
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Figure 1:  Map of study area, including plot numbers and treatments;  grouped into one  
of two soil types.  The un-shaded area indicating soil type 2 (Greenson, silty clay substratum soils 
and the shaded area represents soil type 1 (Greenson soils).  Plots labeled by number, 
 then E or L, E = early grazed and L = grazed after on hay harvest.  MB = meadow brome,  
OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT = birdsfoot trefoil, and WC = white clover. 
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leachate volumes in plots 44 and 56 went from 90 cm having the higher volumes of 
leachate in 2002 to 60 cm having higher leachate volumes in 2003.  Plot 32 was 
chosen because in 2003 the 60 and 90 cm leachate volumes were approximately equal. 
Soils were described following standard procedures and methods for soil 
description as set forth by the NRCS (Schoeneberg et al., 1998) and using the Keys to 
Soil Taxonomy (Soil Survey Staff, 1999) to classify soils.  Table 1 lists the plot 
number where soil was described and its family classification.  Pedons 2, 11, 32, and 
57 are correlated to the Greenson series, with loam in the surface grading to silt loam 
and/or light silty clay loam with depth.  Pedons 42 and 56 are similar to the Greenson 
series except that there is an abrupt textural change to silty clay at about 110 cm. The 
plots were 22 m by 15 m (72 ft by 50 ft).  Plots were grazed for 24 hours with spring 
Holstein heifers (180 to 320 kg cow-1) when forage reached the optimal height of 25.4 
cm (10 in.).  The number of times that plots were grazed depended on the forage 
available.  Plots were grazed roughly the same number of times except the perennial 
rye plots which were grazed fewer amounts of times as the biomass did grow as 
quickly as the other grass.  As a result perennial ryegrass plots were grazed fewer 
times than the other treatments.  The cattle did not leave the study area during the 
grazing period and no additional food was brought in to supplement grazing.   
Plots were watered using sprinklers in 12-hr sets on a weekly basis beginning 
in late May and continuing through the season, approximately mid-September.    In 
2001, 5.08 cm (2 in.) of water was applied weekly except from June 29 through 
August 2 and no plots received water during this time, because the irrigation system  
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Table 1:  Family classification of soils described in the study area.   
Plot /Pedon # Family classification 
2 Fine-silty, mixed, superactive, mesic Aquic Calcixeroll 
11 Fine-silty, mixed, superactive, mesic Aquic Calcixeroll 
32 Fine-silty, mixed, superactive, mesic Oxyaquic Calcixeroll 
42 Fine, mixed, superactive, mesic Typic Palexeroll 
56 Fine-silty, mixed, superactive, mesic Aquic Calcixeroll 
57 Fine-silty, mixed, superactive, mesic Oxyaquic Calcixeroll 
  
was broken.  In 2002 plots received 5.08 cm (2 in.) for the entire growing season.  In 
2003, 5.08 cm (2 in.) of water were applied from the beginning of the season until 
mid-season (July 12).  After July 12, 2.54 cm (1 in) of water was applied at each 
irrigation event, which was accomplished in 6 hr sets instead of 12 hr sets.   
Precipitation was recorded at a Logan 5 SW Exp Farm (Utah Climate Center).  
Table 2 shows monthly totals of precipitation (inches of water) for each year in the 
study, 2001 through 2003.  The data was taken by a weather station located on the 
Cache Valley Experimental Farm north of the Caine Dairy.  An N indicates months 
where no data was taken in the table. 
Plots were planted using four grasses and two legumes to create eight grass-
legume mixtures.  Four replicate plots for each grass-legume mixture were planted for 
a total of 32 plots.  The four grasses were meadow brome (Bromus riparius), orchard 
grass (Dacytlis glomerata), perennial ryegrass (Lolium perenne L.) and tall fescue  
(Festuca arundinaciea).  The two legumes were birdsfoot trefoil (Lotus corniculatus 
L.) and white clover (Trifolium repens L.).  The eight grass-legume mixtures were 
meadow brome/birdsfoot trefoil, meadow brome/white clover, orchardgrass/birdsfoot 
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Table 2:  Precipitation at climate station: Logan 5 SW Exp Farm, averaged by     
                month for 2001 through 2003. 
 
  
 
trefoil, orchardgrass/white clover, perennial ryegrass/birdsfoot trefoil, perennial 
ryegrass/white clover, tall fescue/birdsfoot trefoil and tall fescue/white clover. The 
plots were planted in the spring of 2000 using a Brillion seeder (Brillion Corporation, 
Brillion, WI). 
Ammonium nitrate fertilizer was applied to the plots at a rate of 56 kg N ha-1 
(50 lbs N ac-1).  Each plot received 1.85 kg (4.07 lbs) of fertilizer per application, for a 
total of 3.70 kg (8.14 lbs) in 2001 and 2002 and 1.85 kg (4.07 lbs) in 2003.  The 
fertilizer was assayed at 34-0-0.  It was applied twice in 2001 and 2002 and once in 
2003.  The dates of application were 4/17/01, 8/21/01, 5/16/02, 8/14/02 and 4/22/03. 
Porous cup suction lysimeters were installed in the fall of 2000 and spring of 
2001.  They were installed using a Little Beaver ® earth drill (Little Beaver 
Corporation, Livingston, TX).  Soil excavated from the hole was mixed with water to 
2001 Precipitation 2002 Precipitation 2003 Precipitation
inches mm inches mm inches mm
January 0.5 12.7 N N 0.54 13.59
February 1.51 38.35 N N 1.62 41.02
March 0.82 20.83 1.42 36.07 1.44 36.45
April 1.31 33.27 2.35 59.69 1.21 30.61
May N  N 0.96 24.38 1.74 44.2
June 1.12 28.45 N N 0.42 10.54
July N  N 0.39 9.78 0.19 4.83
August 0.12 3.05 0.28 7.11 N N
September N  N 2.37 60.07 0.43 10.92
October 1.07 27.18 1.53 38.86 0.83 20.96
November N  N 1.63 41.28 1.68 42.55
December 2.31 58.55 0.89 22.61 3.81 96.77
Total 8.76 222.38 11.81 299.85 13.88 352.43
N = no data taken during this month
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make a slurry that was placed around each lysimeter to establish and maintain 
hydraulic contact with the soil (Tomer and Burkart, 2003).  Two lysimeters were 
installed in each plot at depths of 60 cm and 90 cm, for a total of 64 lysimeters.  The 
lysimeter opening was located at ground level and plastic sprinkler covers were used 
to protect and provide access to the lysimeters.  To provide additional protection from 
the cattle, round steel covers with metal legs were manufactured and used to cover the 
plastic sprinkler covers. 
The 64 lysimeters were sampled weekly. Leachate was collected beginning in 
Mid-May in 2001, mid-April in 2002, and late March in 2003 through October in all 
years.  A vacuum of 60 to 70 centibars of suction (0.61 to 0.71 kg/cm2 or 60 to 70 kPa) 
was created in each lysimeter at the beginning of the season and following each 
sampling event.  The vacuum created was similar to that created in the lysimeters in 
studies by Paramasivam et al. (2001), and Woodward et al. (2003).   Leachate volume 
was measured using a 125 ml Nalgene bottle that had 5 ml increment markings on it, 
allowing for an accuracy of ± 5 ml.  Samples were collected and placed on ice until 
returning to the lab.  Samples were refrigerated or frozen until analysis was performed.   
   Samples used were filtered through a 0.1 µm filter using a suction filtration 
apparatus.  Dissolved reactive phosphorus was determined using the ascorbic acid 
method (Gavlak et al., 1994).   
Data were analyzed using PROC GLM and PROC MIXED in the SAS System 
version 8.2 (SAS, 1994).  PROC GLM was used to calculate means and standard 
errors for each treatment over each collection period.  PROC GLM was used to 
analyze data by grass, legume, and each grass-legume mixture and perform a Tukey 
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analysis of normality.  PROC MIXED was used to determine treatment interactions, 
repeated measures, and to assess normality.  A log transformation was performed on 
all data before it was analyzed to normalize the data.  
 
Results 
 
 
Grass – Legume Mixture 
 
 Three-year means of dissolved reactive P (DRP) in leachate at 60 cm 
ranged from 0.025 to 0.035 mg P L-1 for orchardgrass/birdsfoot trefoil and perennial 
ryegrass/white clover, respectively.  At the 90 cm depth, tall fescue/birdsfoot trefoil 
had the lowest concentration of dissolved reactive P at 0.028 mg P L-1 and 
orchardgrass/white clover had the highest leachate concentration of dissolved reactive 
phosphorus for the 90 cm depth at 0.041 mg P L-1.  These concentrations are within 
the range of dissolved reactive phosphorus found by van Es et al. (2004) of 0.013 to 
0.509 mg L-1.  Treatments were significantly different (P = 0.001) for dissolved 
reactive phosphorus concentrations in leachate at both the 60 and 90 cm levels (Table 
3).  All means that share the same letter are not significantly different from each other.  
Letters that overlap are not significantly different from each other.  Mean 
concentrations of dissolved reactive phosphorus are significantly different from each 
other if they have one letter only.  All the means share the letter (B) except the highest 
one, PRG/WC, and the lowest two, MB/WC and OG/BFT.  The mean concentration of 
dissolved reactive phosphorus in leachate sampled under PRG/WC was significantly 
higher than MB/WC and OG/BFT.  This is true at both the 60 and 90 cm depths, and  
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Table 3:  Tukey comparison of three-year P treatment means at 60 cm and 90 cm.  
MB= meadow brome, OG=orchardgrass, TF = tall fescue, PRG = perennial ryegrass, 
WC= white clover, and BFT= birdsfoot trefoil.  Means that share a common letter are 
not significantly different. 
 
3 year P treatment Mean 60 cm 
  
3 year P treatment Mean 90 cm 
Tukey 
Grouping Mean  N Treatment 
Tukey 
Grouping Mean N Treatment 
   Mg P / L       mg P / L   
  A 0.035 246 PRG/WC   A  0.041 292 OG/WC 
             
B A 0.031 275 MB/BFT  B A  0.039 295 PRG/BFT 
            
B A 0.031 269 PRG/BFT  B A  0.038 289 MB/BFT 
            
B A 0.031 269 OG/WC  B A C 0.035 276 TF/WC 
            
B C 0.025 237 TF/WC  B  C 0.030 285 PRG/WC 
            
B C 0.024 280 TF/BFT  B  C 0.030 288 OG/BFT 
             
  C 0.021 232 MB/WC    C 0.029 287 TF/BFT 
             
  C 0.020 272 OG/BFT       C 0.028 288 MB/WC 
 
 
all years.  Figure 2 shows the 3-year average and the yearly means for each grass-
legume treatment.  Dissolved reactive phosphorus treatment means were significantly 
different (P = 0.001) for both depths in 2003.  No significant difference was observed 
at either depth in 2002 or 2001.  Year to year variation was found to be significant (P 
= 0.001) for both depths. 
 
Grass 
 
Concentrations of dissolved reactive phosphorus in leachate by grasses were 
found to be significantly different for the 3-year means at a depth of 60 cm.  No 
significant differences were observed at the 90 cm depth.  A tukey means comparison 
by grass is shown in Table 4.  At the 60 cm depth, concentrations for phosphorus  
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Figure 2:  Average phosphorus treatment concentrations for each year and a 3-year 
average at both 60 and 90 cm depths. 
| 
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Table 4:  Tukey comparison of three-year P grass means at 60 cm and 90 cm. * 
3-year P grass means 60 cm   
  
3-year P grass means 90 cm 
Tukey Grouping Mean N grass  Tukey Grouping Mean N grass  
  mg P / L     mg P / L    
A 0.033 515 PRG  A 0.035 580 OG 
           
B 0.026 507 MB  A 0.034 580 PRG 
          
B 0.025 541 OG  A 0.033 577 MB 
          
B 0.024 517 TF   A 0.032 563 TF 
* MB= meadow brome, OG=orchardgrass, TF = tall fescue, PRG = perennial ryegrass. 
 
 
ranged from 0.024 mg P L-1 to 0.033 mg P L-1 for tall fescue and perennial ryegrass, 
respectively, and were significantly different (P=0.01).  Dissolved reactive phosphorus 
concentrations at 90 cm ranged from 0.032 mg P L-1for tall fescue and meadow brome  
to 0.035 mg P L-1 for orchardgrass.   Figure 3 shows the three-year and yearly grass 
means. 
 Significant differences in dissolved reactive phosphorus concentrations 
between grass types were noted in 2001.  Grasses at 60 cm depth were significantly 
different (P = 0.01) except for meadow brome and orchardgrass that were significant 
at a level of P = 0.05.  At 90 cm, significantly different dissolved reactive phosphorus 
concentrations were observed for perennial ryegrass (P = 0.01) as compared to the 
other grasses.  In 2002 no significant differences were observed between the different 
grass types for concentrations of dissolved reactive phosphorus.  In 2003, significant 
differences were observed for all grasses at 60 cm (P = 0.01). No significant 
differences were observed for grasses at the 90 cm depth in 2003. 
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Figure 3:  Yearly and 3-year average phosphate concentrations by grass type at 90    
                 cm. 
 
Legumes 
 Legumes were analyzed for differences in leachate concentrations of dissolved 
reactive phosphorus; however, no significant differences were observed between 
concentrations of phosphorus between birdsfoot trefoil and white clover at either 60 
cm or 90 cm depths. 
 
Discussion 
 
 
Significant differences were observed among the different treatments during 
the 3-year study (P=0.001).  When analyzed individually by year, significant 
differences were observed in 2003 but not in 2001 or 2002.   Dissolved reactive 
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phosphorus concentrations varied significantly between treatments, ranging from 
0.020 mg P L-1 to 0.035 mg P L-1 at 60 cm and 0.028 to 0.041 mg P L-1 (see Table 3).  
This range of dissolved reactive phosphorus leachate concentrations between 
treatments may be due to large variations in the initial soil phosphorus concentrations 
(Koenig, unpublished).   
Phosphorus leaching can be affected by the amount of rainfall or irrigation 
applied (Hooda et al., 2000).  In July of 2003, irrigation amounts were cut in half.  By 
having two different irrigation regimes during 2003, P leaching could be changed 
enough to create a significant difference in treatments during 2003 that wasn’t present 
in the previous two years.  The irrigation system breakdown, in 2001, resulting in a 
five-week period where no irrigation occurred, could have increase the pool of soil 
phosphorus.  In 2002, increased amounts of dissolved reactive phosphorus could leach 
due to a build up of soil P for the 2001 season.  The increased soil P available for 
leaching may have carried over to 2003 as well.   
Even though an inorganic form of P fertilizer was not added each year, organic 
phosphorus was mineralized from the soil and incorporated into plant tissue.  
Phosphorus was then deposited in feces throughout the study area as the cattle were 
moved plot to plot to graze.  Phosphorus in urine leaches more readily, whereas P in 
feces provides a slower released form of P.  An increase of urine may have provided 
the soil with an immediate increase in available P, which promoted leaching.  In 
addition, increased P from fecal matter may have acted like a reserve source, which 
released slowly over time providing a continual source of P in the soil.  This 
mobilization of phosphorus in the soil could potentially increase concentrations of P 
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available for leaching and eventually create the potential for the soil to reach P 
saturation.  Removing phosphorus from the soil would also reduce the potential for 
that soil to reach P saturation.  Since there was no net input of P from outside the study 
area, and the levels of dissolved reactive phosphorus were low, the potential for the 
soils in this area to reach saturation with P is unlikely. 
 Many other factors may also affect the leaching and availability of phosphorus 
in the soil.  Organic forms of P may increase the mobility of phosphorus in soils 
(House et al., 1998) by inhibiting the formation of calcium phosphates by organic 
coats, which increases the solubility of the phosphates and makes them more available 
for leaching (Comfort and Eghall, 1996).  The major source of phosphorus in manure 
is primarily organic forms.  This could increase the leaching potential of P, thereby, 
increasing the amount of P in the lower profile.  Griffin et al. (2003) found that P 
concentrations stabilized 14-21 days after application.  This could indicate an increase 
in the nonsoluble pool that will dissolve over time.   
Reducing conditions can increase the solubility of phosphorus in the soil 
(Vadas and Sims, 1999).  The fluctuating water table in the study area could create 
reducing conditions, which would increase the solubility of phosphorus in the soil.  
Reducing conditions, organic coats inhibiting calcium carbonate formation and 
changes in irrigation regime could contribute to increase leaching of phosphorus 
through the soil.  Since manure application and grazing have been parts of this 
research area for a number of years some deeper leaching could have occurred which 
may help explain why the concentrations at the 90 cm depth are higher than those at 
60 cm. 
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A 3-year comparison of dissolved reactive phosphorus leachate 
concentrations by grass type indicated a significant difference between perennial 
ryegrass and the other grasses.  Perennial ryegrass produced leachate with higher 
concentrations of P than the other grasses at 60 cm.  A shallower and less extensive 
rooting system present in perennial ryegrass as compared to the other grasses may 
produce this result (Larsen et al., 2004).  Perennial ryegrass was also grazed less than 
the other plots.  Higher leachate concentrations of dissolved reactive phosphorus and 
less grazing on the plots with perennial rye grass indicate that this grass is likely a 
poor choice for management intensive grazing systems.   
At 90 cm, 2001 was the only year where grasses were found to be significantly 
different in dissolved reactive phosphorus concentrations.  In the other years no 
significant difference in leachate concentrations of P was found between grasses at the 
90 cm depth.  This was also true of the 3-year means comparison of dissolved reactive 
phosphorus.   Possible reasons for this observation may include the changing irrigation 
regime, which changes the leaching capability in the soil.  This alteration of soil 
moisture would have changed the availability of phosphorus to bind with soil particles.  
As the study progressed phosphorus was moved within the study area and deposited in 
an organic form as fecal matter.  The difference in phosphorus sources may have 
changed the forms and movement pathways in the soil, shortening the P cycle and 
changing the dynamic of P leaching in the soil. 
The nature of leaching and P release from soil can be influenced by a number 
of factors.  Traditionally it was thought that P was bound to soil constituents quickly 
and tending to accumulate in layers of topsoil (Ruan and Gilks, 2000).  In more recent 
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studies, evidence of P leaching from soils occurs when soils become saturated with 
P (Heckrath et al., 1995; Del Campillo et al., 1999; Hooda et al., 2000).  Phosphorus 
that is derived from organic sources may leach deeper into the profile than inorganic P 
via organic coatings or suppression of calcium phosphates precipitation (Ulen, 1999; 
Comfort and Eghall, 1996).  Another pathway to deeper leaching of soluble P may be 
preferential flow along macro-pores (Comfort and Eghall, 1996; Williams et al., 2002) 
especially where aggregates are more stable and allow for further water movement in 
the soil (Pulleman et al, 2003).  This study was conducted on a pasture where macro-
pores and more stable aggregates can form due to the lack of tillage, and may facilitate 
the deeper leaching of phosphorus in the soil.    
A unique characteristic of this pasture was the fluctuating water table.  Figure 
4 shows the variation of the water table in 2003 from the beginning of the sampling 
season to the end.  The soils described in this study area help support the fluctuating 
water table.  Pedons 2, 11, and 57 were classified as Aquic Calcixerolls, and pedons 
32 and 65 were classified as Oxyaquic Calcixerolls (see Table 2 and Appendix E).  In 
order for these soils to have these classification they either have to have aquic 
conditions or alternating reducing and oxidizing conditions, respectively.   
Reducing conditions can lead to increased solubility of soil P (Ulen, 1999; 
Vadas and Sims, 1999).  The high water table would have a larger effect on the 90 cm 
depth, because the fluctuating water table reached the lower depths more frequently 
and for longer periods of time.  This could increase the amount of soil P released.   
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Figure 4: Depths of the water table, in 2003, from three observation wells located around the east and south areas of the study area.     
Measurements were taken each week throughout the sampling season. 
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If phosphorus concentrations were increased at 90 cm due to the reduced 
conditions created by the fluctuating water table, this could increase the concentration 
ofsoluble P at 90 cm with less effect on the 60 cm depth.  The 3-year treatment means 
for dissolved reactive phosphorus leachate concentrations, ranged from 0.028 mg P L-1 
to 0.035 mg P L-1 and for 90 cm the range was 0.033 mg P L-1 to 0.041 mg P L-1 (see 
Table 2).  This increase in the range of P concentrations could indicate that reducing 
conditions in the lower part of the profile are working to increase the P concentration 
at the lower depth.  Dissolved reactive phosphorus leachate means by grass type 
ranged from 0.024 to 0.033 at 60 cm and 0.032 to 0.035 for the 90 cm depths.  This 
difference in P concentration ranges is slightly less dramatic than 3-year treatment P 
concentration means, but also helps support the action of reducing conditions 
increasing solution P concentrations at a lower depth in the soil.   
Weekly dissolved reactive phosphorus concentration data for each year, and 
also for the 3-yr average mean concentrations were graphed, and can be found in 
Appendix C.  Most graphs, like C6 and C11 seem to support reducing conditions 
occurring within a fluctuating water table in the spring and fall, increasing soluble P 
levels in solution.  Others, like C17 and C19, as well as most from 2001 data seem to 
not support this hypothesis.  The graphs for 2001 were normalized to show a few 
events that had one concentrations that was considerable higher that the others.  This 
worked to flatten out the rest of the year, so 2001 data may not be the best indicator.  It 
was also noted that the data graphed for 60 cm, in 2001, data appeared to have 
increased amounts of P solution in spring and fall.  While this can help support the 
presence of a fluctuating water table, it also may point toward other factors.  Plant 
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dormancy in the spring and fall could also work to create this effect, and most 
importantly spring and fall are the times when the irrigation system was working 
consistently. 
 Perennial ryegrass was found to produce leachate with higher concentrations of 
dissolved reactive phosphorus than the other grasses.  The dissolved reactive 
phosphorus concentrations were not significantly different between the other grasses.  
In a related study done on root length densities from these plots it was found that 
perennial ryegrass had lower root length densities than meadow brome and tall fescue.  
Root density was not found to be significant between perennial ryegrass and 
orchardgrass (Larsen et al., 2004).  It was unclear why there is a difference between 
perennial ryegrass and orchardgrass in leachate concentrations as related to this root 
length density study.    
 Significant differences in leachate concentrations of dissolved reactive 
phosphorus between grasses were observed in 2001 and 2003, but not in 2002, which 
was the only year in which the study area received a consistent and relatively abundant 
amount of irrigation.  This regular abundance of irrigation water could have 
ameliorated the phosphorus leaching and created a state where leaching concentrations 
were more uniform through out the study area and at the different depths, as well as 
prevented excess P from building up in the soil. 
This study was essentially a closed system for phosphorus throughout the 
season, meaning once the cows were in the pasture, they stayed in the pasture 
throughout the season.  Phosphorus inputs through cattle waste can be considered 
negligible.  As a result a rough mass balance may look like this:  Pt = Pa + Psoil – PL – 
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Pp – Pcow :  where Pt is the total phosphorus in the system, and Pa is the amount 
applied, which for this study can be considered zero.  Plant uptake of phosphorus is Pp, 
and can be estimated, however for practical purposes it may be considered zero also 
due to the fact that most of the P is reapplied to the study area in the form of manure 
and urine applied to the plots throughout the study area.  PL is the phosphorus that is 
leached.  The phosphorus present in the soil is Psoil.  This entity is somewhat unknown 
as it was highly variable.  Pcow is the amount of P retained by the cow in its growth 
processes.  This P is not related to the leaching specifically and is relatively minimal 
and will be ignored.  If these assumptions are made this leaves:  Pt = Psoil – PL.   
Assuming these relationships are true, then the leaching of phosphorus in this 
study area is dictated primarily by the amount of soil P present.  It can also be 
assumed that the soil P is quite high in this area.  This would lead to the conclusion 
that the leaching of P will continue at similar levels for quite some time if not 
indefinitely for this management practice.   
Hooda et al. (2000) described a situation where soil became saturated with 
phosphorus and began to leach phosphorus.  During certain weeks, phosphorus 
leaching exceeded the 0.05 mg P L-1 drinking water standard set forth by the EPA.  On 
these occasions the P concentrations may have exceeded the amount that the soil could 
buffer and could be considered saturated conditions.  In general it can be assumed that 
the soil is not saturated at this point and can buffer this cycling of P related to 
management intensive grazing systems. 
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Conclusions 
 
 
 The initial samples of soil phosphorus (P), and field history indicated a 
significant variation in the phosphorus present (Koenig, unpublished).  This variation 
was large enough that it was determined that detailed investigations regarding P 
movement in the soil and build up soil P could not be accurately determined.   
Differences in the dissolved reactive phosphorus concentrations of leachates 
could be influenced by a combination of different processes:  the fluctuating water 
table creating a redox state where P can become more soluble, leaching due to soil P 
saturation and plant uptake.  No additional P was added in the form of inorganic 
fertilizer.    
 It may be concluded that management intensive grazing (MIG) may be an 
environmentally sound grazing system where phosphorus is concerned.  Leachate 
concentrations were consistently lower than the EPA standard of 0.05 mg L-1 for 
drinking water.  There were individual weeks when dissolved reactive phosphorus 
concentrations exceeded the EPA limit, but over the 3-year study average treatment 
mean concentrations of dissolved reactive phosphorus remained below the EPA 
drinking water standard. 
 In general the grasses and legumes preformed fairly consistently over the 
course of the study.  The exception to that is perennial ryegrass, which leached 
significantly higher concentrations of dissolved reactive phosphorus than did the other 
grass types.  It was concluded that perennial ryegrass may be a poor choice for use 
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under management intensive grazing systems under irrigation in the intermountain 
west. 
  Additional research on the loss of phosphorus under management intensive 
grazing conditions would be warranted to help answer the questions relating to the 
large variation in soil P.  A mass balance experiment to determine the sources and 
relative contributions of soil P, plant uptake and animal recycling of P would be 
beneficial to expanding the knowledge about management intensive grazing systems 
in the intermountain west, under irrigation.  A similar study on a long-term pasture 
system with a mass balance would be a very good approach to study the 
environmental feasibility of management intensive grazing systems.  Also additional 
research on different climatic, irrigation, and management regimes should be 
investigated.  Additional forages could also be investigated to determine if certain 
grasses or legumes may be better suited for management intensive grazing systems 
under irrigation. 
Management intensive grazing may prove to be an environmentally sound 
practice, in the Intermountain West.  Care should be given to the application of this 
management system.  Factors such as the stocking rate of cattle within the paddocks, 
fertilizer application, and especially irrigation regime and practices can potentially 
render this practice environmentally unsound.   
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CHAPTER 4 
 
NITROGEN AND PHOSPHORUS DYNAMICS IN MANAGEMENT INTENSIVE 
GRAZING SYSTEMS AS AFFECTED BY SOIL CHARACTERISTICS 
 
Abstract 
 
 
Soil properties influence the movement and loss of nutrients in a soil.  Soil 
pore size and distribution as well as aggregate stability and soil texture can affect the 
rate and the amount of nutrient loss due to leaching.  Soils with large or more stable 
pores (due to more stable aggregates) can allow nutrients to leach farther into the soil 
before they interact.  Texture affects water movement in the soil, which can influence 
the time that reducing conditions are present in the soil.  The buffering capacity of the 
soil, which is related to soil texture, is an important factor in determining the amount 
of phosphorus (P) necessary in order to reach soil P saturation.     
The objective of this study was to compare grass-legume treatment 
combinations, grass types and legume types as they related to nitrogen (N) and 
phosphorus (P) leaching in an irrigated management intensive grazing system (MIG).  
The study plots were arranged in a completely randomized design.  Plots were 
irrigated once a week.  Cattle grazed each plot for 12- to 24- hr periods.  Treatments 
were replicated four times with samples being taken weekly from each plot and results 
averaged for each treatment.  Samples collected were analyzed by LACHAT 
autoanalyzer for nitrogen species and spectrophotomtery using an ascorbic acid 
method.  Data were analyzed using SAS software. 
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In this study soils were classified and two soil types were identified.  The 
first (soil type 1) was a Greenson loam, which had a relatively uniform texture 
throughout the profile.  The second (soil type 2) was similar to Greenson loam with a 
textural discontinuity at about 110 cm in depth, evidenced by a greater than 15% 
increase in clay content in 2.5 cm vertical distance.  Treatments occurring on both soil 
types were used to determine if a significant difference in leaching occurred related to 
soil type. 
Treatment and soil type were given designations by grass type, legume type, 
and soil type, grass-legume-soil (gls). These gls designations were created to identify 
the difference between treatments on different soil types.  T-test comparisons between 
the treatments on different soil types produced significant results.  Nitrate-N leachate 
concentrations were observed to be significantly different between soils (P=0.01) for 
all treatments at 60 cm and significantly different for both meadow brome and 
perennial ryegrass treatments (P=0.01) at 90 cm.  Less significant differences for 
nitrate-N concentrations were observed for tall fescue treatments and 
orchardgrass/white clover treatments, between soil types (P=0.05).  Treatments 
analyzed for dissolved reactive phosphorus by gls had observed differences for 
perennial ryegrass (P=0.01) at the 60 cm depth and all treatments had observable 
differences (P=0.01) at 90 cm except orchardgrass/white clover and meadow 
brome/white clover.  Ammonia by gls analysis produced no significant differences. 
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Introduction 
 
 
Surface water pollution includes nutrient loading, and erosion of topsoil.  
Nutrient loading from farms is a major concern to both surface and ground water 
quality.  These nutrients create problems that can affect human health as well as the 
environment.  Attention to non-point sources of pollution has lead to the study of 
agricultural practices to determine their environmental soundness, and for their 
possible contribution to water contamination. 
 
Nitrogen 
Nitrogen is highly mobile in the environment.  It can volatilize, run off into 
surface water, or leach into ground water.  A large-scale study of nitrogen movement 
from land to waterways in the southern half of Sweden found that 45% of the nitrogen 
from land sources came from arable land (Arheimer and Brandt, 1998).   
Nitrogen contributes to health and environmental concerns in a number of 
ways.  First it can cause methemoglobinemia, blue baby syndrome, in infants and 
children.  It can also lead to gastric disorders in humans and cattle.  In addition, 
nitrogen contributes to the eutrophication of aquatic systems (Cameron et al., 1996).    
The movement of N is influenced by soils in different ways.  Soil structure 
generally affects N movement very little.  This is especially true of nitrate and nitrite.  
Ammonium interacts with soil surfaces and leaching is slowed for this form of N.  
Nitrate and nitrite do not interact with soil surface charges.  Nitrate and nitrite are 
negatively charged ions as are soil colloidal surface charges.  As a result the 
mechanism that binds and holds ammonium does not bind nitrate/nitrite, and leaching 
  
64
becomes a major loss mechanism for nitrate/nitrite loss in irrigated systems.  The 
loss of nitrate/nitrite is strongly affected by soil NO3- concentrations and by the rate of 
water movement (Havlin et al., 1999).  
 Another source of nitrogen (N) loss is through gaseous loss.  Ammonium is 
often transformed to ammonia and then volatized under soil field conditions.  
Increased amounts of gaseous forms of N can be produced in more reducing 
conditions.  Soils that contain more water for one reason or another may have 
increased rates of N loss through denitrification.  In addition, under normal field 
conditions ammonium can be nitrified to form nitrite/nitrate and increase the soil pool 
of this transformation of nitrogen  
 
Phosphorus  
Phosphorus (P) is the one of the most limiting nutrient controlling the 
eutrophication of fresh water systems.  It is usually the factor controlling the trophic 
state of a fresh water system (Heckrath et al., 1995).  A study conducted in the UK 
estimated that 43% of P loads to waterways came from agricultural lands (Shepherd 
and Withers, 2001).   In addition, Heckrath et al. (1995) estimated P inputs into 
waterways from agricultural sources at 70 % in Denmark and 38 % in Germany.  The 
leaching of phosphorus due to agricultural practices has become a serious water 
quality issue.  Contamination of P from leaching can be a factor in surface water.  
Phosphorus (P) leaching from a drained field produced leachate with a concentration 
of 0.504 mg/L (van Es et al., 2004) and Novak et al. (2000) found soil P to leach and 
then move laterally through a buffer strip to pollute surface waters. 
  
65
Traditionally, phosphorus (P) was thought to be almost completely 
immobile in soils.   Recently, P has been shown to leach when a soil becomes 
saturated with P (Heckrath et al., 1995; Del Campillo et al., 1999).  Hooda et al. 
(2000) described this saturation as the degree of soil saturation of P (DSSP). This 
number was calculated as a percentage of the ratio of the P concentration to that of 
iron and aluminum.  DSSP is calculated using the following equation. 
DSSP(%) = [P]
[Al + Fe] •100             (Hooda, et. al., 2000). 
Calculations were made using phosphorus, aluminum and iron extracted with acidified 
ammonium oxalate.  It was shown to best relate to dissolved P, or plant available P 
(Hooda et al., 2000).  Application of this equation was not readily attempted as 
aluminum and iron concentrations were not available for use. 
Soil structure and texture are closely related to phosphorus pollution.  
Phosphorus easily adheres to soil particles and movement has traditionally been 
related more with overland flow and erosion processes than leaching (Arheimer and 
Linden, 2000).  In addition, a study of drained clay soils indicated a risk of loss due to 
rapid macro-pore flow (Jensen et al., 2000; Williams et al., 2002).  In a study 
conducted by van Es et al. (2004) it was observed that fine textured soils (clay loam) 
leached more P than the coarser textured soil (sandy loam).  This difference was 
attributed to preferential flow pathways in the fine textured soil.   
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Management Intensive Grazing 
Management intensive grazing (MIG) is the practice of using small sections of 
a larger pasture, called paddocks, in which cattle are stocked at a high rate for a short 
duration of time (Hanson, 1995).  The high stocking rate ensures that most of the plant 
material will be consumed in the 12 to 24 hour period during which they graze.  MIG 
can have a detrimental effect on water quality (Stout et al., 2000).  MIG may increase 
the inputs of N and P through cattle urine and feces, deposited on the grazed plot.  
There are concerns regarding nutrient pollution, which may be occurring under these 
small plots with high concentrations of animals. 
 
Soil Effects 
Soil properties influence the movement and loss of nutrients in a soil, and can 
play a key role in whether a specific agricultural practice is environmentally sound or 
not.   Soils of different textures can affect the rate of percolation and the amount of 
loss due to leaching.  The amount and size of soil pores can affect the leaching of 
phosphorus (P) and nitrogen (N).  The degree of soil saturation with water can affect 
the amount of N that is denitrified and can affect the solubility of P in the soil.  Also 
the degree of soil P saturation can affect the amount of P leaching that can occur.  Soil 
properties affect the rate, amount and long-term nutrient concentrations.  Soil 
properties are a major part of agricultural systems and are considered in this study for 
the affect they may have on MIG practices. 
Nutrient leaching can be influenced by management practices as well the soil 
characteristics present.  The main objectives of this study were to evaluate four 
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grasses, two legumes and the combination of these grass-legume mixtures 
(treatments) in relation to nitrogen and phosphorus leaching.  The influence of soil 
differences on nitrogen and phosphorus leaching will also be assessed.  Nitrogen and 
phosphorus leaching will be evaluated by treatments and soils in relation to an 
irrigated management intensive grazing system (MIG).  
 
Material and Methods 
 
 
This study was conducted on field plots at Utah State University’s Caine Dairy 
Research facility, which is located in the southern part of Cache Valley in northern 
Utah (UTM Zone 12 :  easting 424901, northing 4611998, or 41.65620 Latitude N and 
111.90195 Long W.)   The climate in this part of Cache Valley is typified by cold, 
moist winters and warm, dry summers. The Utah Climate Center at Utah State 
University maintains a weather station (Logan 5 SW Exp Farm) at an experimental 
farm just north of the Caine Dairy.  A 33-year average of this data indicated mean 
annual precipitation was 462.3 mm (18.2 in.) of water with a range of 222.38 mm 
(8.76 in.) in 2001 to 773.9 mm (30.47 in.) in1983.  Mean annual air temperature is 45° 
F to 48° F and elevation ranging from 1368 to 1375 m (4,490 to 4,510 feet) (Utah 
Climate Center, 2008).   
Soils in the study area are mapped as Greenson loam, which receive additional 
moisture due to the upward moving ground water (Erickson and Mortensen, 1974).   
Greenson soils are classified as fine-silty, mixed, superactive, mesic Oxyaquic 
Calcixerolls. Current classification was checked using the official series description 
database (Soil Survey Staff, 2008). 
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We described and sampled six pedons to determine the variability in soils in 
our study area. Plots for soil description were chosen by observable changes in 
leachate volume due to irrigation adjustments made between 2002 and 2003.  Figure 1 
shows a layout of the study area with and overlay of the distribution of Greenson soils 
(the shaded areas) and the Greenson with silty clay substratum soils, determined by 
our field investigations.  
Leachate volumes at 60 and 90 cm were recorded for the 2002 and 2003 field 
seasons.  Irrigation regime was changed from 5.08 cm (2 in.) per irrigation event in 
2002 to 2.54 cm (1 in.) in 2003 due to observable soil compaction.  Leachate volumes 
and 60 and 90 cm remained the same in 2002 and 2003 for plots 2, 11, and 57.  The 
leachate volumes in plots 44 and 56 went from 90 cm having the higher volumes of 
leachate in 2002 to 60 cm having higher leachate volumes in 2003.  Plot 32 was 
chosen because in 2003 the 60 and 90 cm leachate volumes were approximately equal.   
Soils were described following standard procedures and methods for soil 
description as set forth by the NRCS (Schoeneberg et al., 1998) and using the Keys to 
Soil Taxonomy (Soil Survey Staff, 1999) to classify soils.  Table 1 lists the plot 
number where soil was described and its family classification.  Pedons 2, 11, 32 and 
57 are correlated to the Greenson series, with loam in the surface grading to silt loam 
and/or light silty clay loam with depth.  Pedons 42 and 56 are similar to the Greenson 
series except that there is an abrupt textural change expressed as a sharp increase in  
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Figure 1:  Map of study area, including plot numbers and treatments;  grouped into one  
of two soil types.  The un-shaded area indicating soil type 2 (Greenson, silty clay substratum soils 
 and the shaded area represents soil type 1 (Greenson soils).  Plots labeled by number, 
 then E or L, E = early grazed and L = grazed after on hay harvest.  MB = meadow brome,  
OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT = birdsfoot trefoil, and WC = white clover. 
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Table 1:  Family classification of soils described in the study area.   
Plot /Pedon # Family classification 
2 Fine-silty, mixed, superactive, mesic Aquic Calcixeroll 
11 Fine-silty, mixed, superactive, mesic Aquic Calcixeroll 
32 Fine-silty, mixed, superactive, mesic Oxyaquic Calcixeroll 
42 Fine, mixed, superactive, mesic Typic Palexeroll 
56 Fine-silty, mixed, superactive, mesic Aquic Calcixeroll 
57 Fine-silty, mixed, superactive, mesic Oxyaquic Calcixeroll 
 
clay content in the lower part of the soil profile, 108 cm in plot #56 and 117 cm in plot 
# 42.  The vertical distribution of clay content is shown in Figure 2.   
Soils were described following standard procedures and methods for soil pits 
for describing soils were dug by hand to between 110 and 140 cm.  An auger was used 
to get to a depth of 117 to 154 cm, depth varied by plot.  Visual estimation of 
concentrations and ped and void features were made, and soil textures were 
determined by feel.   Soils were mapped in the study area using changes in 
leachatevolumes from 2002 to 2003 and confirmed using soil classification 
descriptions sheets (see Appendix E). 
The plots were 22 m by 15 m (72’ by 50’).  Plots were grazed for 24 hr with 
spring Holstein heifers (180 to 320 kg cow-1) when forage reached the optimal height 
of 25.4 cm (10 in.).  The number of times that plots were grazed depended on the 
forage available.  Plots were grazed roughly the same number of times except the 
perennial rye plots which were grazed fewer amounts of times as the biomass did not 
grow as quickly as the other grass.  As a result perennial ryegrass plots were grazed  
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Figure 2:  Vertical distribution of clay content (%) with depth in the soil profiles           
sampled.  Plots 42 and 56 show a dramatic increase of clay about 100 cm below 
the soil surface. 
 
 
fewer times that the other treatments.  The cattle did not leave the study area during 
the grazing period and no additional food was used brought in to supplement grazing.   
Plots were watered, using sprinklers, in 12-hr sets on a weekly basis beginning 
in late May and continuing through the season, approximately mid-September.    In 
2001, 5.08 cm (1 in.) of water was applied weekly except from June 29 through 
August 2 and no plots received water during this time, because the irrigation system 
was broken.  In 2002 plots received 5.08 cm (2 in.) for the entire growing season.  In 
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2003, 5.08 cm of water were applied from the beginning of the season until mid-
season (July 12).  After July 12, 2.54 cm (1 in.) of water was applied at each irrigation 
event, which was accomplished in 6-hr sets instead of 12-hr sets.  
Precipitation was recorded at a Logan 5 SW Exp Farm (Utah Climate Center).  
Table 2 shows monthly totals of precipitation (inches of water) for each year in the 
study, 2001 through 2003.  The data was taken by a weather station located on the 
Cache Valley Experimental Farm north of the Caine Dairy.  An N indicates months 
where no data was taken in the table. 
Plots were planted with eight grass-legume mixtures using four grasses and 
two legumes with four replicates plots for each grass-legume mixture, for a total of 32 
plots.  The four grasses were meadow brome (Bromus riparius), orchard grass 
 
Table 2:  Precipitation at climate station: Logan 5 SW Exp Farm, averaged by     
                month for 2001 through 2003. 
 
 
2001 Precipitation 2002 Precipitation 2003 Precipitation
inches mm inches mm inches mm
January 0.5 12.7 N N 0.54 13.59
February 1.51 38.35 N N 1.62 41.02
March 0.82 20.83 1.42 36.07 1.44 36.45
April 1.31 33.27 2.35 59.69 1.21 30.61
May N  N 0.96 24.38 1.74 44.2
June 1.12 28.45 N N 0.42 10.54
July N  N 0.39 9.78 0.19 4.83
August 0.12 3.05 0.28 7.11 N N
September N  N 2.37 60.07 0.43 10.92
October 1.07 27.18 1.53 38.86 0.83 20.96
November N  N 1.63 41.28 1.68 42.55
December 2.31 58.55 0.89 22.61 3.81 96.77
Total 8.76 222.38 11.81 299.85 13.88 352.43
N = no data taken during this month
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 (Dacytlis glomerata), perennial ryegrass (Lolium perenne L.) and tall fescue 
(Festuca arundinaciea).  The two legumes were birdsfoot trefoil (Lotus corniculatus 
L.) and white clover (Trifolium repens L.).  The eight grass-legume mixtures were 
meadow brome/birdsfoot trefoil, meadow brome/white clover, orchardgrass/birdsfoot 
trefoil, orchardgrass/white clover, perennial ryegrass/birdsfoot trefoil, perennial 
ryegrass/white clover, tall fescue/birdsfoot trefoil and tall fescue/white clover. The 
plots were planted in the spring of 2000 using a Brillion seeder (Brillion Corporation, 
Brillion, WI). 
Ammonium nitrate fertilizer was applied to the plots at a rate of 56 kg N ha-1 
(50 lbs N ac-1).  Each plot received 1.85 kg (4.07 lbs) of fertilizer per application, for a 
total of 3.70 kg (8.14 lbs) in 2001 and 2002 and 1.85 kg (4.07 lbs) in 2003.  The 
fertilizer was assayed at 34-0-0.  It was applied twice in 2001 and 2002 and once in 
2003.  The dates of application were 4/17/01, 8/21/01, 5/16/02, 8/14/02 and 4/22/03. 
Porous cup suction lysimeters were installed in the fall of 2000 and spring of 
2001.  They were installed using a Little Beaver ® earth drill (Little Beaver 
Corporation, Livingston, TX).  A slurry of water and soil, excavated from the hole, 
was placed around each lysimeter to establish and maintain hydraulic contact with the 
soil (Tomer and Burkart, 2003).  Two lysimeters were installed in each plot, to depths 
of 60 cm and 90 cm below the soil surface.    The lysimeter opening was located at 
ground level and plastic sprinkler covers were used to protect and provide access to 
the lysimeters.  To provide additional protection from the cattle, round steel covers 
with metal legs were manufactured and used to cover the plastic sprinkler covers. 
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The 64 lysimeters were sampled weekly. Leachate was collected beginning 
in Mid-May in 2001, mid-April in 2002, and late March in 2003 through October in all 
years.  A vacuum of 60 to 70 centibars of suction (0.61 to 0.71 kg/cm2 or 60 to 70 kPa) 
was created in each lysimeter at the beginning of the season and following each 
sampling event.  The vacuum created was similar to that created in the lysimeters in 
studies by Paramasivam et al. (2001), and Woodward et al. (2003).   Leachate volume 
was measured using a 125 ml Nalgene bottle that had 5 ml increment markings on it, 
allowing for an accuracy of ± 5 ml.  Samples were collected and placed on ice until 
returning to the lab.  The samples were frozen until analysis was performed.   
Nitrogen species (nitrate/nitrite) were analyzed with the Lachat Auto-analyzer using 
the QuikChem Method 12-107-04-1-C determination of nitrate/nitrite by flow 
injection analysis (Sechtig, 1992).  Ammonia analysis was performed on the Lachat 
Auto-analyzer using QuikChem Method 10-107-6-1-B, determination of ammonia 
(phenolate) by flow injection analysis, colormetry (Prokopy, 2000).   
Samples used for the determination of phosphorus were filtered using a 0.1 μm 
filter using a suction filtration apparatus.  Dissolved reactive phosphorus was 
determined using the ascorbic acid method (Gavlak et al., 1994).   
Soils were analyzed in relation to treatment combinations to determine if this 
textural discontinuity interacted with nitrogen and phosphorus leaching. Meadow 
brome/birdsfoot trefoil treatment had all replications on one soil type.  Each treatment 
and soil combination was given a grass-legume-soil (gls) designation.  Table 3 shows 
the treatments, treatment abbreviations and gls designations.  T-tests were conducted 
by gls number (same grass-legume mixture but different soil type).  
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 Nitrogen and phosphorus leachate concentration data were analyzed using 
PROC GLM and PROC MIXED in the SAS System version 8.2 (SAS, 1994).  PROC 
GLM was used to calculate means and standard errors for each treatment over each 
collection period, analyze data by grass, legume, and each grass-legume mixture, and 
to perform t- tests on the soil treatment interactions to determine difference in soil 
type.  PROC MIXED was used to determine treatment interactions, repeated 
measures, and to assess normality.  A log transformation was performed on all data 
before it was analyzed to normalize the data. Soil type 1 (Greenson soils) and type 2 
(Greenson, silty clay substratum), were compared directly on a weekly basis during 
each year and year to year using 3-yr leachate mean concentrations.  Appendix D 
shows weekly T-Test results as well as graphs of these comparisons. 
Table 3:  Treatments, treatment abbreviations, and gls designation by soil type.   GLS 
designations were created to distinguish the same treatment on different soil types.  
Odd numbers on soil type 1 (Greenson) and even numbers are treatments on soil type 
2 (Greenson. silty clay substratum).  GLS = grass, legume, soil. 
Treatments 
Treatment 
Abbreviations
soil 1 
(Greenson)
soil 2 (Greenson, 
silty clay 
substratum) 
Meadow Brome/Birdsfoot Trefoil MB/BFT gls 1 gls 2* 
Meadow Brome/White Clover MB/WC gls 3 gls 4 
Orchardgrass/Birdsfoot Trefoil OG/BFT gls 5 gls 6 
Orchardgrass/White Clover OG/WC gls 7 gls 8 
Tall Fescue/Birdsfoot Trefoil TF/BFT gls 9 gls 10 
Tall Fescue/White Clover TF/WC gls 11 gls 12 
Perennial Ryegrass/Birdsfoot Trefoil PRG/BFT gls 13 gls 14 
Perennial Ryegrass/White Clover PRG/WC gls 15 gls 16 
*gls 2 did not exist because MB/BFT was only found on soil 1 (Greenson). 
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Table 4:  Nitrate GLS T-Test comparisons of differing soil types on leaching from the same treatment.  Results are in mg NO3 L-1. 
 
Table 5:  Phosphorus GLS (grass, legume, soils) T-Test comparisons of differing soil types on leaching from the same treatment.  
Results are    in mg P L-1. 
  2001 Nitrate GLS Comparisons 2002 Nitrate GLS Comparisons 2003 Nitrate GLS Comparisons 3 year GLS Nitrate Comparisons 
  60 cm   90 cm   60 cm   90 cm   60 cm   90 cm   60 cm   90 cm   
1 vs 2   ++                                              
3 vs 4 1.2 3.8 ** 3.8 3.5   10.2 102.0 ** 8.9 32.2 ** 6.1 10.8  3.0 11.5 ** 8.8 58.3 ** 7.8 23.6 ** 
5 vs 6 7.4 11.3   18.1 10.7 ** 10.8 65.1 ** 21.6 374.7 ** 5.3 10.1   10.4 16.2 * 11.8 43.2 ** 25.1 200.8 ** 
7 vs 8 39.5 10.1 ** 26.4 10.3 ** 129.9 17.4 ** 65.3 59.7   11.6 3.0 ** 43.8 61.5   90.5 15.2 ** 67.8 65.7   
9 vs 10 2.1 1.3   2.8 2.1   47.8 4.4 ** 2.3 12.9   19.4 4.0   3.0 3.1 * 34.6 4.9 ** 4.1 9.1 * 
11 vs 12 8.6 1.1 ** 0.9 2.8 ** 2.9 5.4   1.0 2.7   5.7 7.3   2.3 1.3 * 8.6 6.9 ** 2.1 3.4 * 
13 vs 14 1.6 2.0 ** 4.5 0.4 ** 9.9 10.1   279.7 4.6 ** 1.5 12.0 ** 128.5 14.3 ** 6.5 12.1 ** 206.3 9.7 ** 
15 vs 16 3.5 0.5 ** 8.3 0.4 ** 45.9 91.1 * 68.8 30.3 ** 2.8 19.2 ** 14.1 21.8   26.1 55.4 ** 45.6 26.3 ** 
  * = Indicates a significance level of 0.05                               
  ** = Indicates a significance level of 0.01                               
 
++GLS 2 was non-existent as treatment 1 was only planted 
on one soil type.                
  2001 P GLS  Comparisons 2002 P GLS  Comparisons 2003 P GLS  Comparisons 3 year P GLS  Comparisons 
  60 cm   90 cm   60 cm   90 cm   60 cm   90 cm   60 cm   90 cm   
1 vs 2 ++                                
3 vs 4 0.013 0.016  0.024 0.016 ** 0.037 0.037  0.044 0.045  0.037 0.021 ** 0.039 0.031  0.029 0.024  0.036 0.030   
5 vs 6 0.010 0.013  0.014 0.027 ** 0.035 0.039  0.043 0.051  0.030 0.023 * 0.037 0.069 ** 0.025 0.025  0.031 0.049 ** 
7 vs 8 0.015 0.013  0.030 0.022  0.055 0.044  0.062 0.056  0.038 0.077  0.049 0.051  0.036 0.045  0.047 0.043   
9 vs 10 0.024 0.017 * 0.015 0.026 ** 0.037 0.032  0.028 0.042  0.039 0.033  0.021 0.038 * 0.033 0.027  0.021 0.036 ** 
11 vs 12 0.024 0.017  0.046 0.019 ** 0.038 0.046  0.057 0.051  0.031 0.027  0.051 0.043 ** 0.031 0.030  0.051 0.038 ** 
13 vs 14 0.015 0.027 ** 0.027 0.028  0.043 0.045  0.046 0.054  0.027 0.044 ** 0.028 0.049 ** 0.028 0.038 ** 0.034 0.044 ** 
15 vs 16 0.031 0.014 ** 0.023 0.016 ** 0.047 0.027   0.044 0.042   0.056 0.032 ** 0.044 0.026 ** 0.045 0.025 ** 0.037 0.028 ** 
                         
   * = Significance at the 0.05 level                 
   ** =Significance at or greater than 0.01               
   
++GLS 2 was non-existent as treatment 1 was only 
planted on one soil type.                
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Results 
 
Grass-Legume-Soil (GLS) comparisons for Nitrate-N and dissolved reactive 
phosphorus are found in Tables 4 and 5.  These tables indicate the level of significance 
for each gls (grass-legume-soil) pair and depth by year.  Significant differences were 
observed for soil interactions with nitrate and phosphorus. 
 
Nitrogen 
 No significant difference was found between soils for ammonia-N 
concentrations in leachate.  This was true of the three-year mean concentrations, and 
mean concentrations in each year compared on a weekly basis, for both 60 cm and 90 
cm depths.   
The three-year mean concentration comparisons at 60 cm, for nitrate-N, 
showed significant soil interaction (P = 0.01) for all t-tests.  At 90 cm meadow 
brome/white clover, orchardgrass/birdsfoot trefoil, and both perennial ryegrass 
treatments showed significant soil interactions (P = 0.01).  Both tall fescue treatments 
showed significant soil interactions (P = 0.05) and the orchardgrass/white clover 
treatments indicated no significant soil interactions.   
In 2001, orchardgrass/birdsfoot trefoil and tall fescue/birdsfoot trefoil 
expressed no significant soil interactions, while all the other treatments showed 
significant soil interactions (P = 0.01) between mean nitrate-N concentrations.  At 90 
cm, significant soil interactions were present for all treatments (P = 0.01) except 
meadow brome/white clover and tall fescue/birdsfoot trefoil that expressed no 
significant soil interactions in relation to nitrate-N leachate concentrations.   
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In 2002 at 60 cm, meadow brome/birdsfoot trefoil, meadow brome/white 
clover, orchardgrass/birdsfoot trefoil, orchardgrass/white clover and tall 
fescue/birdsfoot trefioil treatments had significant soil interactions (P = 0.01)in 
relation to nitrate-N concentrations, as well as perennial ryegrass/white clover 
treatments (P = 0.05).  Perennial ryegrass/birdsfoot trefoil, and tall fescue/white clover 
treatments did not show statistically significant soil interactions.   
In 2003, at 60 cm orchardgrass/white clover, perennial ryegrass/birdsfoot 
trefoil, and perennial ryegrass/white clover treatments showed significant soil 
interactions (P = 0.01) in relation to nitrate-N leachate concentrations.  At 90 cm, 
meadow brome/white clover, and perennial ryegrass/birdsfoot trefoil showed 
significant interactions (P = 0.01), as well as orchardgrass/birdsfoot trefoil, tall 
fescue/birdsfoot trefoil and tall fescue/white clover treatments (P = 0.05).  
Orchardgrass/white clover and perennial ryegrass/white clover had not significant soil 
interactions.       
 
Phosphorus 
 In the 3-year comparison of dissolved reactive phosphorus leachate 
concentrations, at 60 cm, only treatments containing perennial ryegrass were found to 
have statistically significant soil interactions (P=0.01).    At 90 cm, t-test analyses of 
gls means indicated significant soil interactions (P= 0.01) for all treatments except 
meadow brome/white clover and orchardgrass/white clover, relating to soils and 
dissolved reactive phosphorus leachate concentrations.   
 The 2001 comparisons showed significant soil interactions with dissolved 
reactive phosphorus at 60 cm for tall fescue/birdsfoot trefoil (P = 0.05), and for 
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perennial ryegrass/birdsfoot trefoil and perennial ryegrass/white clover treatments 
(P = 0.01).  The 90 cm data indicated significant soil interactions (P=0.01) for all soil 
– phosphorus interactions except orchardgrass/white clover and perennial 
ryegrass/birdsfoot trefoil, which showed not significant soil interactions.  
The 2002 data indicated that no significant soil interactions could be shown at 
either the 60 cm or 90 cm depths. 
In 2003, at 60 cm, the meadow brome/white clover, perennial 
ryegrass/birdsfoot trefoil, and perennial ryegrass/white clover treatments showed 
significant soil interactions (P=0.01) as well as orchardgrass/birdsfoot trefoil (P=0.05) 
in relation to dissolved reactive phosphorus leaching. At 90 cm, significant soil 
interactions were observed for all treatments (P = 0.01), with tall fescue/birdsfoot 
trefoil slightly less significant (P = 0.05) and meadow brome/white clover and 
orchardgrass/white clover, showing no statistically significant soil – phosphorus 
leachate interactions.   Figure 3 shows the 3-year mean concentrations of nitrate for 
orchardgrass/birdsfoot trefoil compared between the two soil types at 90 cm.  Figure 4 
shows 3-year phosphorus leachate concentrations for perennial ryegrass/birdsfoot 
trefoil at 90 cm.  Figures 3 and 4 are shown to accentuate the differences in leachate 
concentrations from each soil type.  Nitrate concentrations were very dramatically 
different between the soil types while phosphorus concentrations were different 
though not as dramatic. 
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Orchardgrass/Birdsfoot Trefoil 3 year Soil Nitrate Comparisons (90 cm)
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Figure 3:  Three-year Orchardgrass/Birdsfoot trefoil graph by soil type for each week samples were taken.  Gls 5 refers to 
orchargrass/birdsfoot trefoil (OG/BFT) on soil type 1 and gls 6 to OG/BFT on soil type 2.  The type 2 soils show a higher 
concentration of nitrate in leachate than does the type 1 soil. 
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Perennial Ryegrass/Birdsfoot Trefoil 3-Year Phosphate (gls 90 cm)
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Figure 4:  Three-year perennial ryegrass/birdsfoot trefoil weekly means of P concentration in leachate by soil type.  GLS 
(grass*legume*soil) 13 = perennial ryegrass/birdsfoot trefoil on soil type 1 and gls 14 the same treatment on soil type 2. 
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Discussion 
 
 
Nitrogen  
Few differences were found between soil types when considering ammonia 
data.  The soils were similar in many characteristics until approximately 100 cm.  At 
this point the Greenson silty clay substratum silty soil (type 2) had a layer of clay.  
This would not affect the majority of ammonia.  Fertilizer, applied as ammonium 
nitrate (NH4NO3), would disassociate into ammonium and nitrate ions quickly in the 
soil. 
Ammonium can quickly be adsorbed to soil surfaces or volatilized as 
ammonia, as well as taken up by plants.  Ammonium is the preferred source of N for 
plants as less energy is required for up take of ammonium (Havlin et al., 1999).  These 
soils are fine textured soils that could potentially adsorb a considerable amount of 
ammonium. With the potential loss to a gaseous state, ammonia concentrations would 
expectantly be at low concentrations in deeper sections of the profile.  The textural 
discontinuity being present at slightly over 100 cm limits the effect this soil property 
would have on ammonium loss is limited.  Generally, ammonium concentrations lost 
in leachate were small.  It could be anticipated that ammonium lost in leachate would 
be small. 
Significant differences between soil types were observed in nitrate-N leaching 
data.  The three-year nitrate-N leachate concentrations were significantly different at 
90 cm (P=0.001).   The difference in clay content between soils could work to increase 
the concentration of nitrate in the soils, especially Greenson, silty clay substratum 
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soils (type 2).  The heavier clay could perch the percolating water for a period.  
Under dry conditions some nitrate could begin to move upward through capillary 
action and increase the soil nitrate concentrations in a zone allowing for increased 
concentrations in the 90 cm zone of the soil. 
The influence of perched water could have been even more dramatic in 2001.  
Due to the lack of irrigation during the middle of the season, soil nitrates could have 
increased in the soil.  When irrigation was resumed the pool of nitrates in the soil 
solution may have been increased over normal levels available to be drawn up by 
lysimeters.  This affect may have been more dramatic in soils with high clay content 
and perching water table by allowing more nitrate to dissolve into the soil solution 
thereby increasing concentrations.  In addition to the perching of water, this textural 
discontinuity also would promote lateral flow.  Lateral flow of soil solution could 
create spots where the amount of nitrate is increased because leachate from more than 
one plot flows to one spot and artificially increases the leachate volume and over time 
concentration of soil N allowing for increased concentrations. 
 At 60 cm in 2001 and 2003 significant differences were observed between 
soils (P=0.0001 and P=0.05, respectively).  Significant differences observed at 60 cm 
could also be due to the difference in soil properties, which influence soil wetness, 
influencing the state of nitrogen in the soil.  The rate of water percolation will change 
the proportion of the varied N states in the soil, like how much is denitrified and how 
much nitrogen is leached.  Other factors influencing differences observed at 90 cm can 
include the proportion of N used by plants, the proximity of the livestock to the 
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lysimeter when urine and/or feces are deposited on the plot, and variation in 
irrigation timing and amounts. 
 
Phosphorus 
The lack of irrigation in 2001 and the reduction of irrigation amount in 2003 
may have played a role in the differences observed at the 60 cm level in those years.  
In 2001 the lack of irrigation more quickly dried the surface of the soil.  This could 
lead to a change in the chemical pathways of phosphorus transformations.  This could 
allow for increased calcium carbonate to form, as contact with soil particles would 
have been longer.  This could allow for more retention of P in the profile.   
In 2001, Greenson loam with clayey substratum soils (type 2) leached higher 
concentrations of dissolved reactive phosphorus than did Greenson Loam soils (type 
1).  In 2003, Greenson loam soils (type 1) leached higher concentrations of dissolved 
reactive phosphorus than Greenson loam with clayey substratum soils (type 2).  The 
difference between the two years is likely due to the difference and inconsistency in 
the irrigation regimes.  Build up of phosphorus in the soil over the course of the study 
may also have affected the change in leaching concentrations over the interval.  
Irrigation was cut in half (5.08 cm to 2.54 cm) in 2003 due to visual evidence of 
compaction.  Though increased compaction could increase loss of phosphorus (P) by 
creating redox conditions that can promote increased solubility of P (Vadas and Sims, 
1999), there is no evidence to suggest that one soil type was more compacted than the 
other. 
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 One point of interest was that no significant differences were observed for 
any of the data in 2002, not by soil or grass-legume-soil.  This is likely due to a 
number of factors including possible increased amounts of N and P accumulated, due 
to the lack of irrigation in 2001, N fertilizer additions, which exceeded need, and 
inconsistent water applied through irrigation.  The 2002 season was the only one in 
which the study area consistently received approximately 2 inches of irrigation water 
each week for the entire irrigation period. 
 
Conclusion 
 
  
 Possible soil differences were identified and used to classify soils in an attempt 
to determine how the forages and soils interacted to affect nitrate-N and dissolved 
reactive phosphorus leaching.  Differences in soil properties likely created or 
influenced the differences in the nitrate-N and dissolved reactive phosphorus leachate 
concentrations.  Soil textural properties, primarily the textural discontinuity, may have 
affected rate of percolation and also the movement of water in the soil.  A perched 
water table could create a reduced state in the soil where denitrofication can occur and 
where phosphorus is more soluble.  These reduced conditions may have decreased the 
leachate concentrations of nitrate while increasing the amount of phosphorus in 
solution.  Lateral flow may have also played a role in the distribution of nutrients in 
the soil solution.  Lateral flow of nutrient rich solution could create a situation where 
areas, which receive lateral flow, may have artificially elevated concentrations and 
leachate volumes, while others are artificially low. 
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 The complexity of the interactions could be better studied if additional 
research was done.  This could include amounts and pathways of gaseous loss of N.  
Also solubility of P in reduced conditions in a calcareous soil.  An analysis of the 
water flow through the soil would help describe the movements and nutrient 
transformations in the soil profile.  This would also increase the understanding of the 
water table and characteristics that influence the redox state in the soil profile. 
 Tall fescue seems to be the best all around forage choice.  Regardless of soil 
type or nutrient considered.  Plots with orchardgrass generally produced leachate with 
higher concentrations of nitrate-N than the others and perennial ryegrass generally 
produced leachate with higher concentrations of dissolved reactive phosphorus.  These 
generalizations were not always true but were generally true regardless of year, water 
applied, or soil type. 
The manner and timing of irrigation could be the most important factor in 
determining which forage performs best on which soil.  In 2002 when the plots 
received regular irrigation of the same amount there was no significant difference 
between soils of treatments for phosphorus or ammonium.  Irrigation has less affect on 
nitrate concentrations than on phosphorus.  Greenson Loam leached more dissolved 
reactive phosphorus in 2001 under drought conditions while Greenson, silty clay 
substratum soils leached higher concentrations of dissolved reactive phosphorus in 
2003 under reduced irrigation.  Knowing the soil characteristics of the fields that are 
being used is a paramount part of assessing the environmental feasibility of an 
agricultural practice.  Irrigation amount and timing appears to also be a major key in 
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assessing management intensive grazing for an irrigated situation in the 
Intermountain West. 
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    CHAPTER 5 
 
CONCLUSION 
 
 
 Water quality will continue to be an area of concern across the United States 
and throughout the world.  Agricultural strategies and management plans need to take 
into account the risks they pose to water quality.  The risk of water pollution by 
nutrients, from agricultural lands and practices will continue to be a real concern.  This 
study was concerned primarily with nutrient leaching to groundwater.   Due to the 
nature of the seasonally shallow, fluctuating water table, rising in the spring and fall 
and due to irrigation, and lack of surface water, nutrient leaching is the primary 
pollution concern.   
 Management intensive grazing systems create situations where pollution to 
groundwater is a real risk.  Grazing cattle can increase the amount of nutrients that are 
imported into the pasture system and the rate of nutrient cycling.  It can be extremely 
hard to quantify the amount of nutrients that are introduced into the system.  Even if it 
is a closed nutrient system, the nutrients are not spread evenly across the pasture.  If 
the cattle always congregate in the same places, like the water source, it can create 
saturated ‘portals’ of nutrient leaching.  
Selection of forage species can affect nutrient utilization and loss, and 
therefore environmental impacts.  In treatments containing tall fescue, nitrate-N 
concentrations were generally less than in the other treatments.  Orchardgrass 
treatments produced the highest levels of nitrate-N concentrations.  The concentrations 
of nitrate-N in leachate, at 90 cm, generally exceeded drinking water standards of 10 
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mg N L-1 for treatments containing orchardgrass and perennial ryegrass and were 
under those standards for treatments containing tall fescue and meadow brome.  
Ammonia loss through leaching was low.   
 Methods to decrease leaching amounts may include reducing the amount of 
nitrogen applied and/or the timing of nitrogen fertilizer application.  Splitting the 
application of fertilizer and applying part of that split amount in the middle of the 
season may be considered as a way to more efficiently supply nitrogen to the growing 
plants in the summer.   
Soil phosphorus (P) sampled in this field prior to the beginning of the study 
revealed very large variations in soil P concentrations throughout the study location.  
As a result it would be difficult to measure or estimate the P lost or cycled during this 
study.  Loss pathways for P can be speculated as a combination of water table 
fluctuation effects which created a favorable redox state for increased soil solubility, 
leaching, partially due to soil P saturation within soil leaching ‘portals’ and plant 
uptake.  No additional P was added in the form of inorganic fertilizer.  The sources of 
P for this study were cattle manure, urine and soil P.  Since the study area was 
essentially a closed system for P through out the season, meaning the cattle grazed 
only in the study area for the season, phosphorus (P) inputs through cattle waste can 
be considered negligible.  Management for P fertility in a management intensive 
grazing program cannot be accurately asserted in relation to this study.  In general 
perennial ryegrass leached the highest concentrations of dissolved reactive phosphorus 
and the other grasses were not significantly different.   The highest three-year average 
for P was 0.041 mg PO4- -P L-1.  This is below the EPA water quality standard of 0.05 
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mg P L-1.  Broadening the study to include the analysis for total phosphorus and 
other forms of phosphorus would provide a more complete description of phosphorus 
(P) leaching, however, the major form of P that leaches is phosphate (dissolved 
reactive phosphorus).  It gave a reasonably good estimation of P loss through leaching. 
The soils played a major role in many of the differences that we see in this 
study.  The textural discontinuity in the type 2 soil (Greenson, silty clay substratum) 
created unique soil environments that had observable differences.  Nitrate leachate 
concentrations were generally higher on the Greenson. silty clay substratum soils (type 
2); however, this was heavily dependent on the environmental conditions, especially 
irrigation amounts and timing and the nutrient of consideration.  Ammonia/ammonium 
leaching concentrations were not found to be significant on a weekly basis within a 
year or in the 3-year mean concentration comparisons.  Nitrate-N leachate 
concentrations were found to be significantly different.  Treatments that included 
orchardgrass produced leachate of significantly higher concentrations of nitrate-N than 
all of the other forages in the 3-year analysis, and in 2001, and 2002 at both 60 and 90 
cm.  In 2003, at the 60 cm depth, orchardgrass produced the lowest concentrations of 
N while tall fescue produced the highest.  This was contrary to the over all trends and 
findings.  It was likely due to the reduction of the water and possible compaction in 
the plots.  It may also indicate that orchardgrass may be better suited to drier 
conditions like those found in the intermountain west.   
Comparisons of soil type and treatment by grass-legume-soil (gls) t-tests, 
showed that nitrate-N concentrations at 60 cm varied from week to week within a 
year, though not always significantly different, but all were significant in the 3-year 
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means comparisons.  Grass-legume-soil (gls) comparisons were significant for the 
3-year nitrate-N concentration analysis at 90 cm except orchardgrass/white clover 
treatments, which showed not significant soil interactions.   
Both weekly comparisons and the 3-year mean concentrations for dissolved 
reactive phosphorus (DRP), showed perennial ryegrass to consistently produced 
leachate with higher concentrations of DRP than the other treatments.  Tall fescue was 
generally the forage with the lowest leachate concentrations of DRP.  These results 
were regardless of soil type.  Forage type seemed to be more important than soil 
properties when considering dissolved reactive phosphorus leaching.   Note also that 
in 2002 significant differences were observed for all treatment by soil comparisons.  
Which leads to the possibility that the irrigation amount applied also plays an 
important role in the feasibility of which grass and legume are best suited for 
management intensive grazing practices in the Intermountain West. 
Water received by the soil plays a significant role in the way the forages and 
soil interact to create differences in leaching concentrations.  Each year had essentially 
a different irrigation regime, or varied by the amount of water applied.  The change in 
irrigation amounts along with soil properties can lead to the variation observed in this 
study.  It affected the leachate concentrations observed under orchardgrass and tall 
fescue plots.  In all the other comparisons, tall fescue treatments had the lowest 
leachate concentrations of nitrate-N over all, while the orchardgrass treatments had the 
highest.  In 2003, opposite was observed, with tall fescue having the highest 
concentrations of nitrate-N in leachate while orchardgrass had the lowest.   In 2001 no 
irrigation was applied for over a month while in 2003 water was applied weekly, but 
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the amounts changed.  Also in 2003 compaction of the soil was also observed.  
Irrigation and soil properties were the factors that changed over the course of the 
study.   Soil properties had a significant influence on the leaching of nitrate-N in the 
study. 
There are many factors influencing the leaching of nutrients to groundwater.  
Some of these include soil texture, soil structure, buffering capacity of the soil, as well 
as precipitation and form of the nutrient of concern.  An analysis of the water flow 
through the soil would help describe the process of movement and nutrient 
transformations in the soil profile.  This would also increase the understanding of the 
water table and characteristics that influence the redox state in the soil profile.  It is 
essential to understand and consider the type of soil that is present.  An understanding 
of the soil properties will help determine processes that are likely and probable in the 
study area with regards to nitrogen and phosphorus leaching.  Understanding water 
movement and nutrient transformations in the soil, best management practices can be 
developed that account for the soil properties and management practices planned. 
Tall fescue and meadow brome were better forage grasses to prevent nitrate-N 
leaching to groundwater.  Perennial ryegrass was a poor choice for both nitrate-N and 
dissolved reactive phosphorus leaching.  This study indicates that orchardgrass is a 
poor choice for nitrate-N leaching, however it may be an environmentally sound 
choice under certain conditions.  Orchardgrass generally produced leachate with 
higher concentrations of nitrate-N and treatments with tall fescue generally had 
nitrate-N concentrations lower that the other treatments.  In 2003 orchardgrass had 
lower concentrations of nitrate-N than tall fescue.   Tall fescue is an excellent all 
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around choice for irrigated management intensive grazing systems and may also 
have potential for a non-irrigated system in a wetter climate.  Orchardgrass would be 
the best choice in an area that gets more consistent precipitation events, and a more 
defined amount of irrigation.   
The practice of management intensive grazing has the potential to leach large 
amounts of nutrients. Proper species selection and good management practices tailored 
to soil characteristics can make management intensive grazing an environmentally 
sound practice. 
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Table A1:  Three-year weekly treatment means of nitrate leaching (mg N/L) by 
week, for 60 cm data.  MB=meadow brome, OG=orchardgrass, TF=tall fescue, 
PRG=perennial Ryegrass, BFT=birdsfoot trefoil, and WC=white clover.  
 
Time MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
1 9.43 3.59 4.22 6.05 5.87 6.84 4.81 4.39 
2 6.27 21.48 4.89 13.79 5.95 26.01 33.88 2.25 
3 137.10 273.85 38.62 107.10 147.36 115.42 88.90 100.38 
4 136.49 302.80 46.86 106.21 186.32 121.92 90.62 101.65 
5 36.75 217.28 35.18 98.43 129.13 106.34 71.54 100.81 
6 84.09 59.61 125.51 102.28 83.19 97.19 42.95 105.96 
7 65.96 90.78 69.75 574.33 42.62 12.53 20.86 90.15 
8 75.58 100.72 54.57 144.57 102.05 9.84 15.08 138.95 
9 61.85 45.97 50.44 91.48 38.24 1.86 73.00 20.14 
10 24.18 78.08 38.21 100.46 56.86 10.52 63.72 105.76 
11 15.07 31.48 13.31 117.76 14.82 15.31 9.18 68.58 
12 40.28 54.01 19.37 104.33 49.76 17.60 7.18 80.88 
13 1.96 29.99 14.81 82.57 12.83 12.76 6.63 23.53 
14 9.52 36.56 16.28 114.27 4.39 126.64 12.03 63.08 
15 55.52 121.74 38.56 95.50 35.75 137.32 8.97 36.29 
16 27.34 32.64 8.01 43.06 57.12 76.53 9.30 4.49 
17 60.60 149.22 17.81 38.76 14.21 45.96 7.12 72.62 
18 52.74 58.59 24.42 21.07 10.05 106.34 44.82 29.71 
19 33.59 139.23 34.80 107.00 11.14 39.28 30.64 51.61 
20 45.21 107.20 26.93 43.46 13.07 39.64 31.21 42.19 
21 48.46 6.46 10.21 27.46 14.34 42.00 35.10 7.22 
22 61.02 34.98 110.46 47.33 67.34 86.90 30.76 66.84 
23 35.06 76.81 49.54 31.39 55.79 82.38 26.73 84.38 
24 31.27 113.70 147.59 40.47 64.98 92.71 11.79 37.44 
25 47.73 161.21 25.32 37.95 53.42 127.42 8.56 65.41 
26 39.88 115.48 18.67 42.00 22.55 3.83 18.44 29.13 
27 51.29 5.82 5.79 31.55 9.79 31.19 24.73 7.28 
28 57.35 125.76 18.81 24.96 159.99 102.13 19.20 69.59 
29 35.88 1.39 4.11 21.63 10.78 1.67 2.35 2.25 
30 38.03 47.01 18.97 41.09 37.09 80.07 3.80 17.36 
 
 
 
 
 
 
 
 99
Table A2:  Three-year weekly treatment means of nitrate leaching (mg N/L) by 
week for the 90 cm data.  MB=meadow brome, OG=orchardgrass, TF=tall fescue, 
PRG=perennial Ryegrass, BFT=birdsfoot trefoil, and WC=white clover. 
 
Time MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
1 4.89 5.04 6.31 6.30 4.56 5.54 10.20 4.55 
2 2.16 2.22 28.22 66.22 6.67 7.93 29.94 11.91 
3 100.56 27.21 251.91 113.20 14.78 16.57 127.44 72.30 
4 107.08 25.58 233.06 125.00 17.76 16.63 222.23 83.13 
5 76.10 26.44 261.47 73.11 17.56 19.60 197.40 66.91 
6 40.65 21.91 108.29 86.33 11.54 16.01 95.62 105.18 
7 18.59 18.71 156.39 88.37 36.35 28.48 157.00 49.90 
8 52.63 20.74 123.01 77.14 11.40 15.44 96.15 63.24 
9 81.46 18.00 226.96 102.91 11.47 20.62 167.49 42.88 
10 41.01 14.02 108.78 68.86 14.34 128.40 100.61 49.86 
11 166.08 15.47 102.79 58.70 5.42 15.37 48.17 22.37 
12 31.46 22.11 42.78 66.13 27.54 16.02 82.68 48.43 
13 159.34 12.97 417.21 60.94 6.51 2.01 47.26 50.39 
14 93.52 16.91 29.22 48.82 6.90 2.70 100.87 44.46 
15 42.94 15.52 164.49 54.78 12.48 37.35 92.94 57.85 
16 25.27 21.55 176.00 48.16 13.43 4.11 56.53 38.07 
17 9.71 28.48 111.64 45.74 34.30 55.80 47.79 26.65 
18 36.04 59.04 62.23 91.11 29.83 1.84 80.42 46.45 
19 15.23 7.62 115.12 163.76 39.02 0.94 43.19 28.25 
20 16.40 33.66 67.97 46.18 39.09 0.96 35.15 49.88 
21 11.51 4.79 14.13 46.98 2.66 1.57 26.33 9.41 
22 49.13 11.22 59.54 67.32 36.84 1.34 40.67 41.53 
23 58.56 13.03 62.17 70.28 44.38 1.80 49.33 44.24 
24 20.49 9.04 78.94 55.73 56.33 2.70 58.91 39.20 
25 133.13 8.28 109.36 88.51 74.86 0.36 66.23 44.88 
26 67.03 9.90 76.42 53.37 43.42 0.60 22.80 49.45 
27 2.29 4.00 14.71 46.41 13.47 1.75 22.77 44.02 
28 45.63 13.76 65.55 137.68 15.10 1.07 48.38 42.16 
29 3.63 6.85 10.51 71.16 8.75 6.03 33.98 8.33 
30 45.91 48.20 62.14 99.81 33.78 2.82 11.11 17.18 
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Figure A1:  Weekly nitrate treatment means (MB=meadow brome, OG=orchardgrass, TF=tall 
fescue, PRG=perennial ryegrass, BFT=birdsfoot trefoil, and WC=white clover).  3-year data at 60 cm. 
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Figure A2:  Weekly nitrate treatment means for Meadow Brome/Birdsfoot Trefoil (MB/BFT) and 
Meadow Brome/White Clover (MB/WC) for 3-year data at 60 cm. 
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Orchardgrass 3 year treatment means (60 cm)
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Figure A3:  Weekly nitrate treatment means for Orchardgrass/Birdsfoot Trefoil (OG/BFT) and 
Orchardgrass/White Clover (OG/WC) for 3-year data at 60 cm. 
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Figure A4:  Weekly nitrate treatment means for Tall Fescue/Birdsfoot Trefoil (TF/BFT) and Tall 
Fescue/White Clover (TF/WC) for 3-year data at 60 cm. 
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Perennial Ryegrass 3 year Treatment Means (60 cm)
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Figure A5:  Weekly nitrate treatment means for Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) 
and Perennial Rygrass/White Clover (PRG/WC) for 3-year data at 60 cm. 
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Figure A6:  Weekly nitrate treatment means (MB=meadow brome, OG=orchardgrass, TF=tall 
fescue, PRG=perennial ryegrass, BFT=birdsfoot trefoil, and WC=white clover).  3-year data at 60 cm. 
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Figure A7:  Weekly nitrate treatment means for Meadow Brome/Birdsfoot Trefoil (MB/BFT) and 
Meadow Brome/White Clover (MB/WC) for 3-year data at 90 cm. 
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Figure A8:  Weekly nitrate treatment means for Orchardgrass/Birdsfoot Trefoil (OG/BFT) and 
Orchardgrass/White Clover (OG/WC) for 3-year data at 90 cm. 
 104
 
 
Tall Fescue 3 year Treatment Means (90 cm)
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Figure A9:  Weekly nitrate treatment means for Tall Fescue/Birdsfoot Trefoil (TF/BFT) and Tall 
Fescue/White Clover (TF/WC) for 3-year data at 90 cm. 
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Figure A10:  Weekly nitrate treatment means for Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) 
and Perennial Rygrass/White Clover (PRG/WC) for 3-year data at 60 cm. 
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Table A3:  2001 Nitrate treatment means by date, in mg N/L.  MB=meadow brome, 
OG= orchardgrass, TF= tall fescue, PRG= perennial Ryegrass, BFT= birdsfoot trefoil, 
and WC = white clover. Data are for 60 cm depth.  
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
14-May 3.28 4.63 22.79 35.95 4.93 5.11 4.74 12.93 
21-May 4.19 3.23 10.61 45.40 6.47 6.82 4.68 14.56 
29-May 3.97 1.84 20.97 47.12 6.13 3.61 3.13 11.96 
4-Jun 7.63 4.82 23.11 53.56 5.15 2.98 3.20 10.71 
11-Jun 4.61 5.17 8.04 19.31 1.68 9.54 2.01 3.06 
18-Jun 1.42 3.82 16.62 49.33 4.41 3.03 1.46 4.11 
25-Jun 1.38 7.61 15.60 71.44 1.87 3.62 1.77 2.21 
2-Jul 0.87 2.76 10.15 38.69 0.80 1.95 0.46 1.02 
10-Jul 1.08 2.19 9.24 35.97 0.77 2.45 0.40 1.59 
17-Jul 1.87 6.26 12.57 35.97 1.38 2.23 0.55 2.14 
23-Jul 3.68 2.82 14.04 38.91 1.38 2.05 1.46 2.42 
30-Jul 2.77 8.43 9.28 20.41 0.55 1.22 1.28 2.64 
6-Aug 1.98 2.13 7.94 18.34 5.90 7.22 14.85 6.53 
13-Aug 0.98 11.17 20.18 28.20 2.09 1.86 19.49 6.84 
20-Aug 0.90 11.03 20.13 48.70 1.04 3.95 35.27 6.23 
27-Aug 0.48 14.14 17.38 41.05 3.55 3.63 25.00 5.31 
4-Sep 5.41 6.80 15.03 36.88 5.36 4.62 5.96 5.62 
10-Sep 6.19 3.86 13.95 34.01 19.72 5.03 3.47 7.04 
17-Sep 12.10 4.71 9.21 49.43 18.21 11.05 3.71 15.46 
24-Sep 18.04 3.38 15.59 48.47 27.08 6.20 3.05 15.49 
1-Oct 14.84 2.64 9.99 54.63 12.93 7.55 3.24 16.51 
9-Oct 14.80 3.26 8.73 48.23 16.35 5.32 18.68 11.70 
15-Oct 12.34 2.53 8.49 21.74 15.50 4.44 19.68 8.84 
29-Oct 10.70 2.97 8.32 44.26 18.45 4.79 2.06 9.80 
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Table A4:  2001 Nitrate treatment means by date, in mg N/L.  MB=meadow brome, 
OG= orchardgrass, TF= tall fescue, PRG= perennial Ryegrass, BFT= birdsfoot trefoil, 
and WC = white clover. Data are for 90 cm depth.  
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
14-May 8.6825 5.88775 18.065 20.676 6.2635 5.2348 1.377667 11.21133 
21-May 12.9325 6.4885 29.171 24.853 9.807 7.2218 1.9595 12.0755 
29-May 13.8683 7.29325 25.5075 27.853 10.1575 9.5878 1.842 12.06525 
4-Jun 15.1385 5.78025 14.2473 27.207 13.9937 10.603 1.77675 10.0585 
11-Jun 5.86375 4.4995 14.994 12.376 7.59 5.499 1.128 5.46925 
18-Jun 9.36575 6.22725 31.635 21.411 6.55567 8.1138 1.70975 8.25 
25-Jun 8.15225 6.1505 31.5303 21.898 8.222 7.3083 1.664 6.62075 
2-Jul 4.3755 3.2535 19.8225 13.217 4.7665 3.891 0.91225 5.03525 
10-Jul 4.62125 3.505 21.0505 17.387 5.69125 4.357 1.059 4.96375 
17-Jul 7.2325 5.24925 23.8383 23.936 7.8515 4.8933 1.2405 9.432 
23-Jul 7.83825 10.139 25.6475 25.346 7.87125 5.903 2.09975 8.19575 
30-Jul 5.7895 3.8215 13.545 12.222 2.8365 3.8615 1.24825 5.1845 
6-Aug 7.84833 5.34075 22.5485 33.504 6.27475 2.0853 1.78925 6.47275 
13-Aug 8.24333 5.6275 22.3158 20.63 5.62675 2.5717 2.389 7.3245 
20-Aug 7.102 4.43025 27.307 17.497 4.76325 2.0387 2.5695 6.285 
27-Aug 7.23125 4.766 21.7378 18.894 4.003 1.2757 2.51525 5.7995 
4-Sep 0.8955 4.7415 19.2218 19.211 4.3385 1.2557 2.4265 6.864 
10-Sep 0.637 6.15375 15.1858 19.814 6.326 2.3178 2.3085 3.82675 
17-Sep 5.89875 3.304 16.1665 8.814 13.2415 7.9458 1.291 5.35575 
24-Sep 2.132 3.15325 18.3023 18.782 4.0745 0.814 2.262 12.5145 
1-Oct 7.1825 2.83075 20.7413 17.543 3.944 0.5237 3.85325 10.79875 
9-Oct 1.92625 2.54925 19.336 17.939 4.0685 0.658 6.1175 11.53367 
15-Oct 14.7433 2.84425 18.73 17.54 4.72725 0.5413 7.86725 9.42125 
29-Oct 11.2485 3.8085 49.9053 49.686 5.3685 0.6087 9.91125 8.73425 
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Figure A11:  2001 weekly nitrate treatment means (MB=meadow brome, OG=orchardgrass, TF=tall 
fescue, PRG=perennial ryegrass, BFT=birdsfoot trefoil, and WC=white clover), 60 cm data. 
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Figure A12:  2001 weekly nitrate treatment means for Meadow Brome/Birdsfoot Trefoil (MB/BFT) 
and Meadow Brome/White Clover (MB/WC), 60 cm data. 
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Figure A13:  2001 weekly nitrate treatment means for Orchardgrass/Birdsfoot Trefoil (OG/BFT) 
and Orchardgrass/White Clover (OG/WC), 60 cm data. 
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Figure A14:  2001 weekly nitrate treatment means for Tall Fescue/Birdsfoot Trefoil (TF/BFT) and 
Tall Fescue/White Clover (TF/WC), 60 cm data. 
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Figure A15:  2001 weekly nitrate treatment means for Perennial Ryegrass/Birdsfoot Trefoil 
(PRG/BFT) and Perennial Rygrass/White Clover (PRG/WC), 60 cm data. 
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Figure A16:  2001 weekly nitrate treatment means (MB=meadow brome, OG=orchardgrass, TF=tall 
fescue, PRG=perennial ryegrass, BFT=birdsfoot trefoil, and WC=white clover), 90 cm data. 
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Figure A17:  2001 weekly nitrate treatment means for Meadow Brome/Birdsfoot Trefoil (MB/BFT) 
and Meadow Brome/White Clover (MB/WC), 90 cm data. 
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Figure A18:  2001 weekly nitrate treatment means for Orchardgrass/Birdsfoot Trefoil (OG/BFT) 
and Orchardgrass/White Clover (OG/WC), 90 cm data. 
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Nitrate 2001 Tall Fescue (90 cm)
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Figure A19:  2001 weekly nitrate treatment means for Tall Fescue/Birdsfoot Trefoil (TF/BFT) and 
Tall Fescue/White Clover (TF/WC), 90 cm data. 
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Figure A20:  2001 weekly nitrate treatment means for Perennial Ryegrass/Birdsfoot Trefoil 
(PRG/BFT) and Perennial Rygrass/White Clover (PRG/WC), 90 cm data. 
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Table A5:  2002 Nitrate treatment means by date, in mg N/L.  MB=meadow brome, 
OG= orchardgrass, TF= tall fescue, PRG= perennial Ryegrass, BFT= birdsfoot trefoil, 
and WC = white clover. Data are for 60 cm depth.  
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
23-Apr 58.69 89.56 42.82 198.91 129.46 40.58 139.43 130.21 
30-Apr 38.04 94.64 45.81 197.90 126.47 34.89 133.11 119.19 
7-May 25.61 56.69 37.88 185.33 111.41 32.71 109.14 163.20 
14-May 18.03 89.50 317.38 260.75 76.96 103.30 88.28 274.67 
21-May 16.76 88.56 150.70 1261.36 105.50 23.08 32.09 201.44 
28-May 21.94 139.32 92.87 343.02 200.09 18.29 24.14 325.43 
4-Jun 4.47 3.20 116.66 212.17 104.76 1.49 140.46 48.93 
11-Jun 18.25 133.01 75.83 253.96 151.32 15.97 177.16 258.85 
18-Jun 14.23 65.05 14.89 294.80 2.91 14.23 14.16 165.66 
25-Jun 10.79 126.34 15.83 231.97 87.29 10.31 14.59 231.59 
2-Jul 5.13 42.85 16.33 194.27 14.95 9.47 10.32 59.72 
9-Jul 8.84 62.14 8.58 199.22 9.97 7.37 38.59 205.62 
16-Jul 44.28 9.32 85.44 242.84 9.05 31.83 24.79 104.59 
23-Jul 20.64 86.33 7.95 77.54 1.56 24.12 28.28 12.03 
30-Jul 77.46 220.88 41.41 79.98 1.17 27.27 16.67 196.35 
6-Aug 15.11 39.00 51.88 29.61 1.12 74.07 7.26 60.74 
13-Aug 11.70 309.35 76.58 279.55 2.11 5.99 6.92 135.47 
20-Aug 45.37 118.13 55.09 62.20 20.63 60.88 15.18 92.50 
3-Sep 68.55 65.04 311.91 93.60 163.12 144.37 3.63 166.27 
10-Sep 87.36 172.12 130.72 45.32 36.60 265.24 14.21 142.39 
17-Sep 80.47 302.46 348.25 34.47 137.34 225.45 8.88 104.00 
24-Sep 120.98 426.81 55.03 45.97 92.65 414.13 14.81 161.08 
2-Oct 169.57 302.76 51.40 38.32 39.40 0.15 13.18 32.68 
29-Oct 88.36 177.19 42.69 39.21 71.84 205.61 4.43 36.88 
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Table A6:  2002 Nitrate treatment means by date, in mg N/L.  MB=meadow brome, 
OG= orchardgrass, TF= tall fescue, PRG= perennial Ryegrass, BFT= birdsfoot trefoil, 
and WC = white clover. Data are for 90 cm depth.  
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
23-Apr 117.42 32.62 473.27 75.09 18.65 26.48 198.16 84.64 
30-Apr 135.60 33.06 422.19 77.25 17.06 27.93 204.41 97.98 
7-May 127.14 26.30 444.08 80.10 16.66 30.89 201.70 82.95 
14-May 82.46 33.57 275.37 97.76 18.25 36.08 100.43 211.59 
21-May 15.90 29.36 346.33 76.61 92.57 76.19 281.17 86.45 
28-May 119.74 26.32 283.41 94.24 17.69 34.38 87.72 124.05 
4-Jun 236.97 26.58 578.42 116.38 18.10 52.17 294.29 75.69 
11-Jun 116.06 27.69 267.31 76.86 29.60 377.59 220.94 121.81 
18-Jun 479.50 28.33 257.73 92.36 7.74 42.48 73.57 38.50 
25-Jun 18.08 32.48 73.68 52.00 71.80 39.31 130.92 110.42 
2-Jul 551.27 21.25 1470.98 99.31 12.98 0.73 90.05 114.49 
9-Jul 205.88 45.74 51.75 164.24 11.98 2.22 225.04 118.62 
16-Jul 34.02 30.92 407.36 27.04 32.91 79.01 137.94 129.77 
23-Jul 1.58 21.93 461.28 27.77 25.81 2.18 113.18 84.50 
30-Jul 16.80 17.05 259.65 103.25 99.81 60.11 114.02 67.32 
6-Aug 54.88 163.85 154.45 96.95 81.40 1.51 128.64 116.13 
13-Aug 10.57 12.67 286.42 385.73 111.43 0.61 70.03 66.16 
20-Aug 41.31 95.97 163.28 87.36 112.52 1.05 84.17 140.36 
3-Sep 107.81 23.63 127.83 100.51 104.20 1.21 53.88 86.33 
10-Sep 138.75 24.84 154.64 95.76 123.67 0.94 81.44 84.66 
17-Sep 40.53 18.96 215.32 94.67 154.11 0.15 122.76 73.04 
24-Sep 251.37 12.28 182.66 143.46 125.26 0.22 115.58 59.18 
2-Oct 93.31 18.60 195.65 52.31 101.38 0.59 6.98 32.43 
15-Oct 99.31 19.29 161.22 63.92 25.06 0.82 115.20 49.43 
29-Oct 197.15 149.34 119.98 198.31 87.11 1.40 8.52 44.67 
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Figure A21:  2002 weekly nitrate treatment means (MB=meadow brome, OG=orchardgrass, TF=tall 
fescue, PRG=perennial ryegrass, BFT=birdsfoot trefoil, and WC=white clover), 60 cm data. 
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Figure A22:  2002 weekly nitrate treatment means for Meadow Brome/Birdsfoot Trefoil (MB/BFT) 
and Meadow Brome/White Clover (MB/WC), 60 cm data. 
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Figure A23:  2002 weekly nitrate treatment means for Orchardgrass/Birdsfoot Trefoil (OG/BFT) 
and Orchardgrass/White Clover (OG/WC), 60 cm data. 
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Figure A24:  2002 weekly nitrate treatment means for Tall Fescue/Birdsfoot Trefoil (TF/BFT) and 
Tall Fescue/White Clover (TF/WC), 60 cm data. 
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Figure A25:  2002 weekly nitrate treatment means for Perennial Ryegrass/Birdsfoot Trefoil 
(PRG/BFT) and Perennial Rygrass/White Clover (PRG/WC), 60 cm data. 
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Figure A26:  2002 weekly nitrate treatment means (MB=meadow brome, OG=orchardgrass, TF=tall 
fescue, PRG=perennial ryegrass, BFT=birdsfoot trefoil, and WC=white clover), 90 cm data. 
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Figure A27:  2002 weekly nitrate treatment means for Meadow Brome/Birdsfoot Trefoil (MB/BFT) 
and Meadow Brome/White Clover (MB/WC), 90 cm data. 
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Figure A28:  2002 weekly nitrate treatment means for Orchardgrass/Birdsfoot Trefoil (OG/BFT) 
and Orchardgrass/White Clover (OG/WC), 90 cm data. 
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Figure A29:  2002 weekly nitrate treatment means for Tall Fescue/Birdsfoot Trefoil (TF/BFT) and 
Tall Fescue/White Clover (TF/WC), 90 cm data. 
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Figure A30:  2002 weekly nitrate treatment means for Perennial Ryegrass/Birdsfoot Trefoil 
(PRG/BFT) and Perennial Rygrass/White Clover (PRG/WC), 90 cm data. 
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Table A7:  2003 Nitrate treatment means by date, in mg N/L.  MB=meadow 
brome, OG= orchardgrass, TF= tall fescue, PRG= perennial Ryegrass, BFT= birdsfoot 
trefoil, and WC = white clover. Data are for 60 cm depth.  
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
27-Mar 9.43 3.59 4.22 6.05 5.87 6.84 4.81 4.39 
10-Apr 6.27 21.48 4.89 13.79 5.95 26.01 33.88 2.25 
17-Apr 215.51 458.15 34.43 15.29 165.27 190.25 38.37 70.56 
24-Apr 234.93 510.95 47.91 14.52 246.17 208.95 48.14 78.26 
1-May 47.90 377.88 32.49 11.53 146.85 179.97 33.95 38.41 
8-May 230.94 105.00 36.37 10.14 167.67 160.13 26.28 5.05 
15-May 176.93 152.12 33.17 10.92 15.89 0.00 21.77 35.55 
22-May 200.83 148.12 41.47 9.90 75.97 0.99 21.94 47.71 
29-May 159.09 101.38 4.71 8.70 4.81 0.00 75.35 5.49 
3-Jun 49.67 77.60 30.74 7.83 17.58 1.55 12.00 4.97 
10-Jun 34.41 7.81 6.79 9.15 40.61 41.48 17.14 3.36 
17-Jun 108.69 19.45 26.70 9.59 60.12 45.96 6.97 8.83 
24-Jun 0.25 58.72 18.34 14.74 22.74 31.54 11.15 5.30 
1-Jul 21.46 54.15 31.02 150.11 2.45 451.24 0.99 2.52 
8-Jul 114.80 349.65 17.67 7.69 90.14 458.10 1.58 2.13 
15-Jul 67.83 1.32 2.03 12.74 168.43 184.80 0.78 0.92 
22-Jul 87.10 147.96 2.74 15.90 40.90 98.22 3.40 1.38 
29-Jul 128.45 92.30 5.19 14.59 22.09 212.96 179.89 16.06 
5-Aug 79.95 33.13 3.97 13.25 29.21 100.63 77.13 12.52 
12-Aug 67.21 144.35 3.88 19.47 17.52 54.09 47.19 27.84 
19-Aug 84.45 0.70 3.04 13.87 25.13 80.37 48.58 9.14 
26-Aug 109.10 26.06 4.43 13.87 33.55 111.71 91.74 13.31 
2-Sep 3.81 17.97 3.96 18.34 111.06 3.26 66.68 . 
16-Sep 1.25 6.68 85.31 37.53 39.39 21.21 23.76 11.96 
23-Sep 4.17 13.98 5.34 19.42 40.51 2.33 6.45 19.66 
30-Sep 0.09 41.03 2.79 35.28 15.32 0.00 43.96 39.39 
7-Oct 99.95 7.11 2.86 14.87 3.23 108.80 32.80 2.86 
14-Oct 85.06 6.67 3.01 16.05 0.59 0.33 29.19 43.62 
21-Oct 35.88 1.39 4.11 21.63 10.78 1.67 2.35 2.25 
28-Oct 15.03 4.26 5.90 37.57 15.60 4.53 4.91 5.38 
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Table A8:  2003 Nitrate treatment means by date, in mg N/L.  MB=meadow brome, 
OG= orchardgrass, TF= tall fescue, PRG= perennial Ryegrass, BFT= birdsfoot trefoil, 
and WC = white clover. Data are for 90 cm depth.  
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
27-Mar 4.89 5.04 6.31 6.30 4.56 5.54 10.20 4.55 
10-Apr 2.16 2.22 28.22 66.22 6.67 7.93 29.94 11.91 
17-Apr 83.69 21.80 30.56 151.31 9.64 6.65 56.72 59.95 
24-Apr 69.05 18.10 43.94 172.75 18.47 5.32 240.05 68.27 
1-May 25.06 26.63 17.99 63.78 19.35 4.55 193.10 50.88 
8-May 27.52 27.71 31.45 140.55 9.64 3.63 161.50 33.32 
15-May 26.93 20.27 30.05 147.77 6.66 2.04 187.86 51.17 
22-May 24.28 31.23 60.12 109.32 6.34 2.37 198.88 53.60 
29-May 31.15 21.64 35.03 165.13 4.61 2.42 206.39 42.89 
3-Jun 19.87 9.87 20.58 117.34 4.13 2.12 79.76 22.31 
10-Jun 9.36 11.85 19.00 62.34 2.84 2.31 69.23 20.36 
17-Jun 68.14 27.71 23.13 124.48 2.61 1.43 115.47 28.26 
24-Jun 20.34 14.41 24.26 70.31 1.78 1.08 61.52 31.64 
1-Jul 98.14 1.48 20.50 52.25 5.57 1.41 138.60 9.80 
8-Jul 85.33 10.40 62.27 113.38 1.79 28.16 139.65 22.23 
15-Jul 66.38 32.59 41.07 91.37 6.59 4.26 54.32 21.53 
22-Jul 6.54 76.61 11.81 21.75 0.24 77.47 28.10 7.46 
29-Jul 38.34 7.92 9.69 142.87 1.81 1.98 110.84 16.74 
5-Aug 25.14 4.58 10.45 84.92 0.00 0.03 57.17 11.28 
12-Aug 0.80 0.59 3.16 26.52 0.00 0.04 18.70 3.00 
19-Aug 15.79 4.82 6.53 75.06 1.33 1.80 50.15 13.02 
26-Aug 35.21 5.28 31.58 82.26 1.99 1.54 65.71 31.40 
2-Sep 21.82 6.44 16.67 82.66 3.14 2.13 64.23 . 
16-Sep 15.04 4.87 5.32 63.72 1.65 0.00 52.68 39.21 
23-Sep 145.88 11.13 127.13 103.28 95.26 0.15 80.84 62.94 
30-Sep 100.61 7.73 12.87 102.56 24.94 0.67 57.56 105.12 
7-Oct 2.77 5.45 10.09 74.88 22.87 2.56 39.42 68.38 
14-Oct 15.11 19.14 16.70 313.14 15.51 1.72 22.06 67.63 
21-Oct 3.63 6.85 10.51 71.16 8.75 6.03 33.98 8.33 
28-Oct 4.94 6.24 16.55 51.43 8.85 5.53 14.90 5.00 
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Figure A31:  2003 weekly nitrate treatment means (MB=meadow brome, OG=orchardgrass, TF=tall 
fescue, PRG=perennial ryegrass, BFT=birdsfoot trefoil, and WC=white clover), 60 cm data. 
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Figure A32:  2003 weekly nitrate treatment means for Meadow Brome/Birdsfoot Trefoil (MB/BFT) 
and Meadow Brome/White Clover (MB/WC), 60 cm data. 
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Figure A33:  2003 weekly nitrate treatment means for Orchardgrass/Birdsfoot Trefoil (OG/BFT) 
and Orchardgrass/White Clover (OG/WC), 60 cm data. 
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Figure A34:  2003 weekly nitrate treatment means for Tall Fescue/Birdsfoot Trefoil (TF/BFT) and 
Tall Fescue/White Clover (TF/WC), 60 cm data. 
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Nitrate 2003 Perennial Ryegrass Treatments (60 cm)
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Figure A35:  2003 weekly nitrate treatment means for Perennial Ryegrass/Birdsfoot Trefoil 
(PRG/BFT) and Perennial Rygrass/White Clover (PRG/WC), 60 cm data. 
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Figure A36:  2003 weekly nitrate treatment means (MB=meadow brome, OG=orchardgrass, TF=tall 
fescue, PRG=perennial ryegrass, BFT=birdsfoot trefoil, and WC=white clover), 90 cm data 
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Figure A37:  2003 weekly nitrate treatment means for Meadow Brome/Birdsfoot Trefoil (MB/BFT) 
and Meadow Brome/White Clover (MB/WC), 90 cm data. 
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Figure A38:  2003 weekly nitrate treatment means for Orchardgrass/Birdsfoot Trefoil (OG/BFT) 
and Orchardgrass/White Clover (OG/WC), 90 cm data. 
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Figure A39:  2003 weekly nitrate treatment means for Tall Fescue/Birdsfoot Trefoil (TF/BFT) and 
Tall Fescue/White Clover (TF/WC), 90 cm data. 
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Figure A40:  2003 weekly nitrate treatment means for Perennial Ryegrass/Birdsfoot Trefoil 
(PRG/BFT) and Perennial Rygrass/White Clover (PRG/WC), 90 cm data. 
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Table B1:  Three-year weekly treatment means of ammonia leaching (mg N/L) by 
week, for 60 cm data.  MB=meadow brome, OG=orchardgrass, TF=tall fescue, 
PRG=perennial Ryegrass, BFT=birdsfoot trefoil, and WC=white clover.  
 
Week MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
1 0.0885 0.0928 0.0879 0.0894 0.0908 0.0915 0.0925 0.0906 
2 0.1128 0.1049 0.1104 0.1087 0.1099 0.0945 0.1130 0.1132 
3 0.1219 0.0885 0.1047 0.0588 0.1055 0.1499 0.1133 0.1986 
4 1.3299 2.1397 1.2735 1.3277 1.2403 1.5386 0.9929 1.3796 
5 0.0876 0.1281 0.0871 0.1119 0.1026 0.0680 0.1276 0.0973 
6 0.2810 0.0739 0.0716 0.1753 0.0576 0.0823 0.1159 0.0671 
7 0.4958 0.0398 0.0546 1.3267 0.0370 0.1242 0.0361 0.0757 
8 0.3191 1.0770 0.2210 1.4227 0.0957 0.0617 0.6466 0.0733 
9 1.0508 0.8978 0.8347 1.6031 1.0700 0.8948 0.9414 0.2919 
10 0.1488 1.9939 0.1769 0.4345 0.0574 0.1479 0.0407 0.1595 
11 0.1154 0.0553 0.0576 0.1215 0.0315 0.1859 0.3258 0.0235 
12 0.0710 0.5430 0.0148 0.0921 0.0148 0.2852 0.2526 0.0467 
13 0.4594 0.7558 0.4007 0.5472 0.2806 0.5322 0.2573 0.2899 
14 0.2708 0.2889 0.0795 0.3292 0.1057 0.8903 0.1312 0.2075 
15 0.1545 0.1173 0.0708 1.3459 0.1237 0.5226 0.0542 0.0896 
16 0.1308 0.0308 0.0253 0.3332 0.0115 0.0370 0.6301 0.0301 
17 1.7339 0.4560 0.5167 2.6328 0.2507 0.1009 3.2317 0.0527 
18 0.4319 1.3672 2.0458 2.9017 1.8658 2.2097 4.0402 1.1066 
19 0.3154 0.3680 1.5428 21.4764 2.4372 4.9767 2.1628 0.9751 
20 0.2371 0.2858 0.7882 4.7327 0.2375 2.0947 0.5603 0.2376 
21 0.1349 0.0424 0.0262 3.4058 0.5892 0.0660 0.0989 0.1616 
22 1.7531 0.7589 0.7834 1.4502 1.5163 0.8298 1.9999 0.7793 
23 2.4428 0.1858 0.9665 2.1349 0.1151 0.6497 0.5883 3.2222 
24 0.8099 0.5058 0.1036 0.0780 0.2202 0.0880 0.1803 0.5339 
25 0.2254 0.0815 0.0800 0.0932 0.1029 0.0670 0.0736 0.2097 
26 0.0557 0.1545 0.0121 0.0795 0.0673 0.0901 0.0740 0.0637 
27 0.0459 0.0636 0.0551 0.0543 2.5876 0.1757 0.0395 0.1625 
28 0.6174 0.0481 0.1315 0.1387 1.6842 0.0939 0.1213 0.0712 
29 0.1027 12.6563 0.0683 18.6359 5.6235 0.0801 8.2570 0.1093 
30 0.0778 1.9987 0.1001 0.6945 1.8126 0.1368 0.0998 0.0560 
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Table B2:  Three-year weekly treatment means of ammonia leaching (mg N/L) by 
week, for 90 cm data.  MB=meadow brome, OG=orchardgrass, TF=tall fescue, 
PRG=perennial Ryegrass, BFT=birdsfoot trefoil, and WC=white clover.  
 
week MB/BFT MB/WC OG/BFT OG/WC TF/WC TF/BFT PRG/BFT PRG/WC 
1 0.0873 0.0843 0.0934 0.0880 0.0895 0.0915 0.0890 0.0871 
2 0.0942 0.1018 0.1096 0.1119 0.1043 0.1059 0.1012 0.1067 
3 0.5199 0.1940 0.9457 0.6215 0.4849 0.6362 0.5882 0.2031 
4 2.7259 1.2707 1.2691 1.5284 2.0031 1.4184 1.5026 1.5660 
5 0.1036 0.0880 0.1102 0.0665 0.1186 0.0816 0.0674 0.1057 
6 0.1048 0.0931 0.1622 0.0996 0.1387 0.1152 0.0909 0.1013 
7 0.0558 0.0594 0.0640 0.0772 0.0565 0.0840 0.0422 0.0308 
8 0.0321 0.1410 0.1911 0.1556 0.0687 0.2176 0.2224 0.0733 
9 0.9955 2.2304 0.7939 1.0183 1.2368 0.7368 0.7946 0.6753 
10 0.0529 0.1394 0.1515 0.0876 0.1314 0.1137 0.1224 0.0754 
11 0.0606 0.1681 1.4081 0.1062 0.0943 0.1598 0.0902 0.1024 
12 0.0541 0.0424 0.0828 0.0356 0.0680 0.0350 0.0799 0.5895 
13 0.2959 0.3509 0.2019 0.3451 0.2993 0.3888 0.3218 0.3256 
14 0.2493 0.0949 0.3998 0.1730 0.2321 0.2662 0.2010 0.2480 
15 0.1659 0.1822 0.1692 0.2205 0.1181 0.2259 0.1530 0.2158 
16 1.8878 0.1180 0.0854 0.0554 0.1266 0.0744 0.5820 0.5678 
17 1.6863 0.0937 0.1005 0.0635 0.0823 0.0909 0.1091 0.0532 
18 1.7997 0.6346 2.2437 2.6727 1.8074 1.2121 1.7363 0.3448 
19 2.1149 0.3131 2.3927 0.3328 0.2775 1.5138 1.3511 0.2770 
20 1.3276 0.7226 3.6942 0.7120 1.5120 1.3880 1.4792 0.2402 
21 5.1472 0.0795 4.4217 0.0278 0.0359 0.0496 0.0646 0.0745 
22 2.6057 1.8161 1.2636 1.7498 0.9946 1.2818 0.8613 0.3184 
23 4.5777 0.0470 1.2088 0.6701 0.5586 0.6206 0.1617 0.5364 
24 2.6364 0.1407 0.7601 7.9783 0.0485 0.0642 0.9002 0.1706 
25 1.3272 0.0680 0.0655 0.0948 0.0941 0.0748 0.5826 0.0669 
26 0.6332 0.4405 0.0498 0.3787 0.4139 0.4970 0.9525 0.0984 
27 3.1468 0.0517 0.0929 0.0900 0.0567 0.0546 0.2081 0.0621 
28 0.5564 0.1341 0.1044 0.0524 0.0932 0.0733 0.1387 0.0648 
29 0.6748 0.0944 0.0852 0.0829 0.0873 0.0865 0.0856 0.0844 
30 0.1154 0.0764 0.0935 0.0753 0.1073 0.1076 0.1172 0.1227 
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Figure B1:  Three-year ammonia treatment means by week for the 60 cm data.  
MB=meadow brome, OG=orchardgrass, TF=tall fescue, PRG=perennial ryegrass, BFT = 
birdsfoot trefoil, and WC= white clover. 
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Figure B2:  Three-year weekly Meadow Brome treatment means at 60 cm.  Meadow 
brome/birdsfoot trefoil (MB/BFT) and meadow brome/white clover (MB/WC) 
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3 year Ammonia Treatment Means (Orchardgrass) 60 cm
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Figure B3:  Three-year weekly orchardgrass treatments at 60 cm.  Orchardgrass/ birdsfoot 
trefoil (OG/BFT) and orchardgrass/white clover (OG/WC) 
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Figure B4:  Three-year weekly tall fescue treatments at 60 cm.  Tall Fescue/birdsfoot trefoil 
(TF/BFT) and tall fesuce/white clover (TF/WC) 
 
 131
3 year Ammonia Treatment Means (Perennial Ryegrass) 60 cm
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Figure B5:  Three-year weekly perennial ryegrass treatments at 60 cm.  Perennial Ryegrass/ 
birdsfoot trefoil (PRG/BFT) and perennial ryegrass/white clover (PRG/WC) 
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Figure B6:  Three-year ammonia treatment means by week for the 90 cm data.  
MB=meadow brome, OG=orchardgrass, TF=tall fescue, PRG=perennial ryegrass, BFT = 
birdsfoot trefoil, and WC= white clover 
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Meadow Brome NH4 means (90 cm)
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Figure B7:  Three-year weekly Meadow Brome treatment means at 90 cm.  Meadow 
brome/birdsfoot trefoil (MB/BFT) and meadow brome/white clover (MB/WC) 
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Figure B8:  Three-year weekly orchardgrass treatments at 90 cm.  Orchardgrass/ birdsfoot 
trefoil (OG/BFT) and orchardgrass/white clover (OG/WC) 
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Tall Fescue NH4 Treatment Means (90 cm)
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Figure B9:  Three-year weekly tall fescue treatments at 90 cm.  Tall Fescue/birdsfoot trefoil 
(TF/BFT) and tall fesuce/white clover (TF/WC) 
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Figure B10:  Three-year weekly perennial ryegrass treatments at 90 cm.  Perennial 
Ryegrass/ birdsfoot trefoil (PRG/BFT) and perennial ryegrass/white clover (PRG/WC) 
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Table B3:  2001 weekly treatment means of ammonia (mg N/L) by week, for 60 
cm data.  MB=meadow brome, OG=orchardgrass, TF=tall fescue, PRG=perennial 
Ryegrass, BFT=birdsfoot trefoil, and WC=white clover.  
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
14-May 0.0495 0.0390 0.0150 0.3896 0.0369 0.1205 0.1185 0.0676 
21-May 0.0340 0.0000 0.0579 5.7076 0.0000 0.4349 0.0000 0.2020 
29-May 0.3103 3.4232 0.0402 3.5404 0.0000 0.0779 0.0000 0.0048 
4-Jun 0.0334 0.0964 0.0438 1.8090 0.0314 0.2040 0.0430 0.0218 
11-Jun 0.2765 5.8613 0.0484 1.3783 0.0000 0.2308 0.0000 0.2436 
18-Jun 0.1767 0.0827 0.0013 0.2680 0.0060 0.0546 0.0262 0.0072 
25-Jun 0.1687 0.7311 0.0000 0.0412 0.0000 0.0780 0.0000 0.0000 
2-Jul 0.1992 1.0745 0.0000 0.1894 0.0000 0.1969 0.0000 0.0000 
10-Jul 0.2786 0.5712 0.0000 0.2881 0.0026 0.1932 0.0026 0.0040 
17-Jul 0.1767 0.0827 0.0013 0.2680 0.0060 0.0546 0.0262 0.0072 
23-Jul 0.2573 0.0417 0.0000 0.1547 0.0069 0.0993 0.0176 0.0426 
30-Jul 4.3868 1.2447 0.1202 0.8856 0.5850 0.1786 2.7754 0.0000 
6-Aug 0.1873 0.2645 0.3200 0.0889 0.1326 0.0706 3.6863 0.0308 
13-Aug 0.0000 0.0000 0.0000 38.1192 0.0000 0.0000 1.6138 1.3982 
20-Aug 0.0029 0.2051 0.1079 11.3683 0.0013 0.0338 1.0317 0.0029 
27-Aug 0.0142 0.0389 0.0078 2.6749 1.1328 0.0821 0.1518 0.0231 
4-Sep 5.4980 0.0773 0.0175 0.0003 1.4551 0.0814 0.0083 0.0003 
10-Sep 3.7304 0.0000 0.0000 0.3529 0.1919 0.0000 0.0172 3.5440 
17-Sep 1.9993 0.0748 0.0069 0.0742 0.0726 0.0800 0.1194 1.7501 
24-Sep 0.4799 0.0153 0.0000 0.0436 0.0000 0.0112 0.0108 0.4728 
1-Oct 0.0000 0.1110 0.0121 0.0143 0.0000 0.0848 0.0083 0.0000 
9-Oct 0.0083 0.0232 0.0159 0.0129 4.4529 0.1757 0.0000 0.0602 
15-Oct 0.0000 0.0027 0.1411 0.0791 4.4495 0.0000 0.0000 0.0000 
29-Oct 0.0734 0.0801 0.0795 0.0438 3.2523 0.1099 0.1054 0.0743 
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Table B4:  2001 weekly treatment means of ammonia leaching (mg N/L) by week, for 
90 cm data.  MB=meadow brome, OG=orchardgrass, TF=tall fescue, PRG=perennial 
Ryegrass, BFT=birdsfoot trefoil, and WC=white clover.  
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
14-May 0.0789 0.0806 0.2272 0.1079 0.1754 0.1629 0.0599 0.0683 
21-May 0.0000 0.0977 0.0955 0.1206 0.0570 0.1579 0.0478 0.0131 
29-May 0.0000 0.1319 0.2753 0.0658 0.0277 0.1644 0.0346 0.0128 
4-Jun 0.2470 4.3358 0.0370 0.0912 0.1502 0.1880 0.1103 0.0635 
11-Jun 0.0000 0.2466 0.3440 0.0887 0.1506 0.1659 0.1456 0.0089 
18-Jun 0.0732 0.1811 0.0791 0.1380 0.1038 0.3054 0.1406 0.1346 
25-Jun 0.0652 0.0828 0.2038 0.0626 0.0916 0.0607 0.0738 0.0000 
2-Jul 0.1058 0.1940 0.2611 0.1077 0.1341 0.1476 0.1645 0.0000 
10-Jul 0.0925 0.1452 0.2415 0.0986 0.1261 0.1606 0.1682 0.0000 
17-Jul 0.0732 0.1544 0.0791 0.1380 0.0832 0.3167 0.1403 0.1346 
23-Jul 0.0613 0.1288 0.1224 0.0314 0.1702 0.0554 0.0807 0.0258 
30-Jul 0.0000 0.1688 0.1866 0.0671 0.0873 0.1352 0.1771 0.0309 
6-Aug 0.0293 0.1693 0.1235 0.0954 0.1647 0.2006 0.2974 0.0604 
13-Aug 0.0013 0.0741 0.0010 0.1137 0.0030 0.0599 0.0020 0.0020 
20-Aug 0.3598 0.0722 2.3356 1.7422 2.0813 2.4019 2.6711 0.0077 
27-Aug 0.0033 0.1145 0.0478 0.0111 0.0272 0.0563 0.0847 0.1042 
4-Sep 6.6632 0.0810 0.0359 1.5944 0.0201 0.0717 0.1090 0.0448 
10-Sep 5.1367 0.0000 0.3386 0.3454 0.0134 0.0579 0.3330 0.0000 
17-Sep 4.4197 0.0490 0.0328 0.0373 0.0166 0.0111 2.4715 0.0106 
24-Sep 2.0612 0.0170 0.0000 0.0738 0.0386 0.0000 1.5219 0.0000 
1-Oct 1.1356 0.0396 0.0229 0.0000 0.0193 0.0000 1.0800 0.0076 
9-Oct 0.6708 0.0120 0.0498 0.0000 0.0161 0.0037 0.3171 0.0309 
15-Oct 0.2777 0.0000 0.0000 0.0000 0.0038 0.0000 0.1813 0.0288 
29-Oct 0.0946 0.1145 0.0974 0.0739 0.0979 0.0664 0.1081 0.1165 
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Figure B11:  2001 ammonia treatment means by week for the 60 cm data.  MB=meadow 
brome, OG=orchardgrass, TF=tall fescue, PRG=perennial ryegrass, BFT = birdsfoot trefoil, 
and WC= white clover. 
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Figure B12:  2001 weekly Meadow Brome treatment means at 60 cm.  Meadow 
brome/birdsfoot trefoil (MB/BFT) and meadow brome/white clover (MB/WC) 
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2001 Orchardgrass Ammonia Treatment Means (60 cm)
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Figure B13:  2001 weekly orchardgrass treatments at 60 cm.  Orchardgrass/ birdsfoot trefoil 
(OG/BFT) and orchardgrass/white clover (OG/WC) 
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Figure B14:  2001 weekly tall fescue treatments at 60 cm.  Tall Fescue/birdsfoot trefoil 
(TF/BFT) and tall fesuce/white clover (TF/WC) 
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2001 Ammonia Treatment Means Perennial Ryegrass (60 cm)
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Figure B15:  2001 weekly perennial ryegrass treatments at 60 cm.  Perennial Ryegrass/ 
birdsfoot trefoil (PRG/BFT) and perennial ryegrass/white clover (PRG/WC) 
 
2001 Ammonia Treatment Means (90 cm)
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Figure B16:  2001 ammonia treatment means by week for the 90 cm data.  MB=meadow 
brome, OG=orchardgrass, TF=tall fescue, PRG=perennial ryegrass, BFT = birdsfoot trefoil, 
and WC= white clover. 
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Figure B17:  2001 weekly Meadow Brome treatment means at 90 cm.  Meadow 
brome/birdsfoot trefoil (MB/BFT) and meadow brome/white clover (MB/WC) 
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Figure B18:  2001 weekly orchardgrass treatments at 90 cm.  Orchardgrass/ birdsfoot trefoil 
(OG/BFT) and orchardgrass/white clover (OG/WC) 
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2001 Ammonia Tall Fescue Treatment Means (90 cm)
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Figure B19:  2001 weekly tall fescue treatments at 90 cm.  Tall Fescue/birdsfoot trefoil 
(TF/BFT) and tall fesuce/white clover (TF/WC) 
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Figure B20:  2001 weekly perennial ryegrass treatments at 90 cm.  Perennial Ryegrass/ 
birdsfoot trefoil (PRG/BFT) and perennial ryegrass/white clover (PRG/WC) 
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Table B5:  2002 weekly treatment means of ammonia leaching (mg N/L) by week, 
for 60 cm data.  MB=meadow brome, OG=orchardgrass, TF=tall fescue, 
PRG=perennial Ryegrass, BFT=birdsfoot trefoil, and WC=white clover.  
 
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
23-Apr 0.1219 0.0885 0.1047 0.0588 0.1055 0.1499 0.1133 0.1986 
30-Apr 1.4097 1.4810 1.3595 1.4894 1.2351 1.3505 1.4208 1.5651 
7-May 0.0961 0.1769 0.0954 0.1459 0.1261 0.0591 0.1632 0.1169 
14-May 0.7159 0.0975 0.1231 0.0590 0.0592 0.0590 0.1518 0.0592 
21-May 1.3770 0.0314 0.0312 0.0713 0.0348 0.0706 0.0217 0.0114 
28-May 0.4454 0.0135 0.1012 0.1109 0.0577 0.0650 0.0801 0.0946 
4-Jun 0.1151 0.1151 1.0263 0.1237 0.1575 0.1151 0.1151 0.1151 
11-Jun 0.0588 0.0361 0.3703 0.0490 0.0606 0.0846 0.0126 0.0987 
18-Jun 0.0641 0.0148 0.0692 0.0000 0.0000 0.0923 0.8753 0.0000 
25-Jun 0.0000 0.6043 0.0000 0.1907 0.0000 0.1226 0.6615 0.0949 
2-Jul 1.1697 0.9972 1.1046 1.3571 0.7504 0.9955 1.0172 0.5096 
9-Jul 0.0030 0.1374 0.0009 0.0194 0.0133 0.0121 0.0088 0.0072 
16-Jul 0.0074 0.0000 0.0068 0.0000 0.0000 0.0075 0.0075 0.0090 
23-Jul 0.0572 0.0312 0.0652 0.1254 0.0170 0.0193 0.0264 0.0481 
30-Jul 0.0646 0.0332 1.3412 0.0527 0.0749 0.0455 0.0290 0.0409 
6-Aug 0.5520 2.6763 4.8015 6.1903 4.8408 4.8251 6.9206 2.6900 
13-Aug 0.5520 0.5520 2.6998 4.8337 4.8744 8.7092 2.7118 0.5520 
20-Aug 0.5520 0.5520 1.9850 0.5520 0.5520 5.6378 0.5520 0.5520 
3-Sep 0.0575 1.6097 1.4994 3.8681 2.1879 1.5466 4.3670 1.4948 
10-Sep 2.9175 0.3749 2.5849 5.9534 0.0575 2.0400 1.5303 2.9809 
17-Sep 0.3470 1.1517 0.2252 0.0589 0.5100 0.1084 0.3180 0.2120 
24-Sep 0.1151 0.1238 0.1463 0.1415 0.2232 0.1151 0.1276 0.1346 
2-Oct 0.1672 0.1981 0.0122 0.1664 0.1346 0.0972 0.1616 0.1592 
15-Oct 0.1540 0.1303 0.1708 0.1303 0.1396 0.1203 0.1233 0.1602 
28-Oct 0.0779 0.1531 0.1379 0.0910 0.2214 0.1879 0.1034 0.0000 
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Table B6:  2002 weekly treatment means of ammonia leaching (mg N/L) by week, for 
90 cm data.  MB=meadow brome, OG=orchardgrass, TF=tall fescue, PRG=perennial 
Ryegrass, BFT=birdsfoot trefoil, and WC=white clover.  
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
23-Apr 0.5199 0.1940 0.9457 0.6215 0.4849 0.6362 0.5882 0.2031 
30-Apr 1.7075 0.7120 1.3635 1.5452 1.7049 1.1338 1.6412 1.6247 
7-May 0.1273 0.0953 0.1367 0.0597 0.1470 0.0832 0.0589 0.1322 
14-May 0.1509 0.1221 0.1367 0.1145 0.1484 0.0982 0.1293 0.1362 
21-May 0.0449 0.0049 0.0350 0.0341 0.0367 0.0369 0.0050 0.0253 
28-May 0.0948 0.0494 0.0913 0.0819 0.0130 0.0504 0.0123 0.0126 
4-Jun 0.1350 0.1461 0.1928 0.1366 0.1620 0.1753 0.1773 0.1327 
11-Jun 0.0521 0.0603 0.0481 0.0603 0.1367 0.0631 0.1082 0.1044 
18-Jun 0.0000 0.2104 4.0308 0.0708 0.0745 0.0625 0.0240 0.0701 
25-Jun 0.0515 0.0000 0.0000 0.0000 0.0735 0.0000 0.1202 1.7240 
2-Jul 0.6915 0.7634 0.2474 0.8322 0.6703 1.1019 0.8350 0.8811 
9-Jul 0.0000 0.0008 0.0027 0.0121 0.0834 0.0000 0.1453 0.0057 
16-Jul 0.0672 0.0314 0.1873 0.0000 0.1491 0.1439 0.1307 0.2754 
23-Jul 5.4814 0.0587 0.0289 0.0407 0.1039 0.0908 0.0630 0.0309 
30-Jul 4.5516 0.0191 0.0225 0.0370 0.0758 0.0612 0.0436 0.0353 
6-Aug 4.4123 1.2831 5.3902 7.4756 4.7952 2.7513 4.4387 0.5520 
13-Aug 3.7001 0.5520 4.7845 0.5520 0.5520 2.6041 2.7002 0.5520 
20-Aug 3.2815 1.9954 0.5538 0.5520 2.4992 1.9159 1.9616 0.5520 
3-Sep 0.0575 4.4924 2.9818 2.9724 2.0713 2.9915 1.5205 0.0575 
10-Sep 1.5825 0.0575 1.5990 1.5689 1.5660 1.5780 0.0575 1.0728 
17-Sep 3.6898 0.2934 0.3174 0.1554 0.0485 0.1006 0.1511 0.0002 
24-Sep 1.3430 0.1151 0.1151 0.1211 0.1668 0.1151 0.1404 0.1151 
2-Oct 0.1308 0.8414 0.0767 0.7575 0.8086 0.8698 0.8250 0.1892 
15-Oct 0.1239 0.1151 0.1151 0.1623 0.1363 0.1425 0.1321 0.1355 
28-Oct 0.1855 0.0176 0.0815 0.0685 0.1391 0.1770 0.1406 0.1687 
 
 
 
 
 
 
 
 
 
 143
2002 Ammonia Treatment Means (60 cm)
0.0000
5.0000
10.0000
15.0000
20.0000
25.0000
30.0000
35.0000
40.0000
4-Mar 23-Apr 12-Jun 1-Aug 20-Sep 9-Nov
Time
m
g 
N
H
3-
N
/L
MB/BFT
MB/WC
OG/BFT
OG/WC
TF/BFT
TF/WC
PRG/BFT
PRG/WC
 
Figure B21:  2002 ammonia treatment means by week for the 60 cm data.  MB=meadow 
brome, OG=orchardgrass, TF=tall fescue, PRG=perennial ryegrass, BFT = birdsfoot trefoil, 
and WC= white clover. 
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Figure B22:  2002 weekly Meadow Brome treatment means at 60 cm.  Meadow 
brome/birdsfoot trefoil (MB/BFT) and meadow brome/white clover (MB/WC) 
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Figure B23:  2002 weekly orchardgrass treatments at 60 cm.  Orchardgrass/ birdsfoot trefoil 
(OG/BFT) and orchardgrass/white clover (OG/WC) 
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Figure B24:  2002 weekly tall fescue treatments at 60 cm.  Tall Fescue/birdsfoot trefoil 
(TF/BFT) and tall fesuce/white clover (TF/WC) 
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Figure B25:  2002 weekly perennial ryegrass treatments at 60 cm.  Perennial Ryegrass/ 
birdsfoot trefoil (PRG/BFT) and perennial ryegrass/white clover (PRG/WC) 
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Figure B26:  2002 ammonia treatment means by week for the 90 cm data.  MB=meadow 
brome, OG=orchardgrass, TF=tall fescue, PRG=perennial ryegrass, BFT = birdsfoot trefoil, 
and WC= white clover. 
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Figure B27:  2002 weekly Meadow Brome treatment means at 90 cm.  Meadow 
brome/birdsfoot trefoil (MB/BFT) and meadow brome/white clover (MB/WC) 
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Figure B28:  2002 weekly orchardgrass treatments at 90 cm.  Orchardgrass/ birdsfoot trefoil 
(OG/BFT) and orchardgrass/white clover (OG/WC) 
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Figure B29:  2002 weekly tall fescue treatments at 90 cm.  Tall Fescue/birdsfoot trefoil 
(TF/BFT) and tall fesuce/white clover (TF/WC) 
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Figure B30:  2002 weekly perennial ryegrass treatments at 90 cm.  Perennial Ryegrass/ 
birdsfoot trefoil (PRG/BFT) and perennial ryegrass/white clover (PRG/WC) 
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Table B7:  2003 weekly treatment means of ammonia leaching (mg N/L) by week, 
for 60 cm data.  MB=meadow brome, OG=orchardgrass, TF=tall fescue, 
PRG=perennial Ryegrass, BFT=birdsfoot trefoil, and WC=white clover.  
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
10-Apr 0.0885 0.0928 0.0879 0.0894 0.0908 0.0915 0.0925 0.0906 
17-Apr 0.1128 0.1049 0.1104 0.1087 0.1099 0.0945 0.1130 0.1132 
1-May 1.2501 2.7985 1.1875 1.1660 1.2455 1.7267 0.5651 1.1322 
8-May 0.0791 0.0792 0.0787 0.0778 0.0790 0.0769 0.0802 0.0777 
15-May 0.0775 0.0773 0.0766 0.0773 0.0768 0.0771 0.0779 0.0772 
22-May 0.0765 0.0775 0.0755 0.0799 0.0762 0.0760 0.0776 0.0769 
29-May 0.2014 0.1488 0.4765 0.3482 0.2056 0.0000 2.0753 0.1034 
3-Jun 2.7701 1.9600 1.2364 2.8767 3.0210 5.2170 2.6662 0.7387 
10-Jun 0.1113 0.1082 0.1122 0.1121 0.1118 0.1087 0.1096 0.1132 
17-Jun 0.1020 0.1080 0.1023 0.0964 0.0971 0.9919 0.1008 0.1029 
24-Jun 0.0444 0.0443 0.0444 0.0444 0.0443 1.0247 0.0443 0.0445 
1-Jul 0.0959 0.0894 0.0976 0.0950 0.0915 0.3614 0.0937 0.3835 
8-Jul 0.6177 0.1146 0.2376 0.6027 0.3011 2.9909 0.4250 0.5611 
15-Jul 0.2427 0.2399 0.2043 3.7698 0.3651 1.3770 0.1172 0.2324 
22-Jul 0.0602 0.0223 0.0107 0.7196 0.0106 0.0079 2.0507 0.0039 
29-Jul 0.7501 0.0900 0.0885 6.9601 0.0922 0.0980 10.5496 0.0879 
5-Aug 0.4952 0.6095 0.5843 1.7229 0.6240 0.6640 0.6714 0.5991 
19-Aug 0.0978 0.1002 0.1016 3.9367 0.1002 0.0973 0.1001 0.0992 
26-Aug 0.2254 0.0450 0.0447 4.1368 0.0456 0.0446 0.0461 0.3000 
2-Sep 0.6401 0.4192 0.8333 0.7242 0.9061 0.8615 0.8353 0.4532 
9-Sep 0.0930 0.0897 0.0972 0.0984 0.0958 0.0942 0.0940 . 
16-Sep 0.0835 0.0755 0.0789 0.0999 0.0778 0.0757 0.0779 0.0867 
23-Sep 0.0811 0.0888 0.0937 0.0945 0.0855 0.0933 0.0825 0.0874 
7-Oct 0.0959 0.0939 0.0943 0.0957 0.1004 . 0.0921 0.2648 
14-Oct 1.6982 0.0000 0.0849 0.1916 0.0567 0.3644 0.2802 0.0000 
21-Oct 0.1027 12.6563 0.0683 18.6359 5.6235 0.0801 8.2570 0.1093 
28-Oct 0.0823 5.1477 0.0828 2.9014 2.0147 0.0907 0.0906 0.0937 
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Table B8:  2003 weekly treatment means of nitrate leaching (mg N/L) by week, for 90 
cm data.  MB=meadow brome, OG=orchardgrass, TF=tall fescue, PRG=perennial 
Ryegrass, BFT=birdsfoot trefoil, and WC=white clover.  
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
10-Apr 0.0873 0.0843 0.0934 0.0880 0.0895 0.0915 0.0890 0.0871 
17-Apr 0.0942 0.1018 0.1096 0.1119 0.1043 0.1059 0.1012 0.1067 
1-May 4.0838 1.8294 1.1746 1.5116 2.3014 1.7030 1.3641 1.5074 
8-May 0.0799 0.0784 0.0748 0.0755 0.0808 0.0795 0.0758 0.0792 
15-May 0.0780 0.0766 0.1093 0.0764 0.0769 0.0745 0.0758 0.0812 
22-May 0.1448 0.0755 0.0773 0.0769 0.0757 0.0757 0.0737 0.0773 
29-May 0.0014 0.2753 0.2067 0.3191 0.1654 0.4380 0.6202 0.1945 
3-Jun 2.3893 2.2092 1.9628 2.8273 2.8579 2.0301 2.0961 2.2144 
10-Jun 0.1066 0.1113 0.1105 0.1136 0.1118 0.1120 0.1135 0.1128 
17-Jun 0.1087 0.1129 0.1145 0.1099 0.1045 0.1114 0.1060 0.1026 
24-Jun 0.0458 0.0444 0.0446 0.0444 0.0448 0.0444 0.0457 0.0446 
1-Jul 0.0904 0.0954 0.0972 0.0955 0.0935 0.0953 0.0943 0.0956 
8-Jul 0.6556 0.1389 0.9551 0.4867 0.4232 0.5049 0.2896 0.7382 
15-Jul 0.3574 0.3609 0.2412 0.5234 0.1133 0.2169 0.1879 0.2374 
22-Jul 0.1209 0.1664 0.1050 0.0941 0.1056 0.0770 1.6022 1.6465 
29-Jul 0.0857 0.0932 0.0845 0.0863 0.0839 0.0911 0.1068 0.0934 
5-Aug 0.5148 0.4515 1.2174 0.4470 0.4625 0.4316 0.4727 0.4219 
19-Aug 0.0995 0.1002 7.8535 0.0995 0.0978 0.0996 0.1028 0.1027 
26-Aug 10.2910 0.0446 8.7956 0.0446 0.0447 0.0446 0.0446 0.0448 
2-Sep 0.5934 0.8749 0.7732 0.6437 0.8923 0.4796 0.9545 0.8531 
9-Sep 7.0138 0.0955 1.6887 0.0961 0.0965 0.0943 0.0946 . 
16-Sep 0.2456 0.0796 1.9301 23.7423 0.0804 0.0811 0.0779 0.3358 
23-Sep 0.5773 0.0889 0.0813 0.0894 0.0770 0.0905 0.0854 0.0855 
7-Oct 5.6228 0.0914 0.1360 0.1800 0.0972 0.0928 0.0991 0.0934 
14-Oct 1.1978 0.2872 0.1982 0.0225 0.1396 0.0592 0.1028 0.0301 
21-Oct 0.6748 0.0944 0.0852 0.0829 0.0873 0.0865 0.0856 0.0844 
28-Oct 0.0836 0.0844 0.1017 0.0836 0.0847 0.0865 0.1030 0.0944 
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Figure B31:  2003 ammonia treatment means by week for the 60 cm data.  MB=meadow 
brome, OG=orchardgrass, TF=tall fescue, PRG=perennial ryegrass, BFT = birdsfoot trefoil, 
and WC= white clover. 
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Figure B32:  2003 weekly Meadow Brome treatment means at 60 cm.  Meadow 
brome/birdsfoot trefoil (MB/BFT) and meadow brome/white clover (MB/WC) 
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Figure B33:  2003 weekly orchardgrass treatments at 60 cm.  Orchardgrass/ birdsfoot trefoil 
(OG/BFT) and orchardgrass/white clover (OG/WC) 
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Figure B34:  2003 weekly tall fescue treatments at 60 cm.  Tall Fescue/birdsfoot trefoil 
(TF/BFT) and tall fesuce/white clover (TF/WC) 
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Figure B35:  2003 weekly perennial ryegrass treatments at 60 cm.  Perennial Ryegrass/ 
birdsfoot trefoil (PRG/BFT) and perennial ryegrass/white clover (PRG/WC) 
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Figure B36:  2003 ammonia treatment means by week for the 90 cm data.  MB=meadow 
brome, OG=orchardgrass, TF=tall fescue, PRG=perennial ryegrass, BFT = birdsfoot trefoil, 
and WC= white clover. 
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Figure B37:  2003 weekly Meadow Brome treatment means at 90 cm.  Meadow 
brome/birdsfoot trefoil (MB/BFT) and meadow brome/white clover (MB/WC) 
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Figure B38:  2003 weekly orchardgrass treatments at 90 cm.  Orchardgrass/ birdsfoot trefoil 
(OG/BFT) and orchardgrass/white clover (OG/WC) 
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Figure B39:  2003 weekly tall fescue treatments at 90 cm.  Tall Fescue/birdsfoot trefoil 
(TF/BFT) and tall fesuce/white clover (TF/WC) 
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Figure B40:  2003 weekly perennial ryegrass treatments at 90 cm.  Perennial Ryegrass/ 
birdsfoot trefoil (PRG/BFT) and perennial ryegrass/white clover (PRG/WC) 
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Table C1:  Three-year Phosphorus treatment means by week for 60 cm data.  MB 
= meadow brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, 
BFT = birdsfoot trefoil, and WC = white clover. 
 
week MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
1 0.0517 0.0083 0.0153 0.0335 0.0150 0.0095 0.0158 0.0263 
2 0.0050 0.0095 0.0063 0.0083 0.0000 0.0045 0.0073 0.0000 
3 0.0820 0.0516 0.0699 0.0814 0.0369 0.0790 0.0499 0.1196 
4 0.0983 0.0655 0.0664 0.0686 0.3736 0.1654 0.0673 0.0566 
5 0.0226 0.0147 0.0180 0.0241 0.0153 0.0153 0.0286 0.0310 
6 0.0419 0.0180 0.0266 0.0340 0.0416 0.4528 0.3518 0.0515 
7 0.1413 0.0615 0.0747 0.1239 0.0829 0.1255 0.1155 0.2159 
8 0.0250 0.0132 0.0116 0.0217 0.0244 0.0401 0.0342 0.0466 
9 0.0218 0.0243 0.0134 0.0230 0.0241 0.0425 0.0318 0.0350 
10 0.0245 0.0189 0.0157 0.0591 0.0236 0.0296 0.0341 0.0493 
11 0.0219 0.0136 0.0183 0.0199 0.0170 0.0263 0.0352 0.0314 
12 0.0363 0.0173 0.0183 0.0227 0.0211 0.0256 0.0325 0.0326 
13 0.0241 0.0167 0.0153 0.0239 0.0255 0.0390 0.0323 0.0314 
14 0.0271 0.0189 0.0189 0.0250 0.0333 0.0441 0.0480 0.0659 
15 0.0228 0.0145 0.0152 0.0595 0.0225 0.0176 0.0282 0.0300 
16 0.1592 0.0751 0.0553 0.1373 0.0414 0.0840 0.0599 0.0712 
17 0.0707 0.0904 0.0463 0.0499 0.0288 0.0758 0.0360 0.0386 
18 0.2930 0.0892 0.0573 0.4673 0.0375 0.0343 0.0630 0.0714 
19 0.1107 0.0353 0.0345 0.2071 0.0332 0.0378 0.0424 0.0803 
20 0.0515 0.2576 0.0253 0.1300 0.0903 0.0835 0.0790 0.0680 
21 0.1396 0.1705 0.1433 0.2074 0.1043 0.1296 0.0926 0.0781 
22 0.0265 0.0084 0.0127 0.0354 0.0138 0.0161 0.0297 0.0314 
23 0.1179 0.0167 0.0170 0.0347 0.0133 0.0148 0.0208 0.0322 
24 0.0184 0.0050 0.0056 0.0119 0.0426 0.0265 0.0381 0.0170 
25 0.1156 0.0564 0.0587 0.0736 0.0425 0.0487 0.0475 0.0412 
26 0.0335 0.0100 0.0130 0.0661 0.0124 0.0131 0.0375 0.0400 
27 0.1343 0.1331 0.0915 0.0752 0.0715 0.1003 0.1137 0.1036 
28 0.0243 0.0128 0.0164 0.0153 0.0130 0.0136 0.0142 0.0193 
29 0.0745 0.0419 0.0428 0.0633 0.0638 0.0742 0.0412 0.1534 
30 0.0490 0.0158 0.0150 0.0260 0.0153 0.0120 0.0276 0.0450 
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Table C2:  Three-year Phosphorus treatment means by week for 90 cm data.  MB = 
meadow brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT 
= birdsfoot trefoil, and WC = white clover. 
 
week MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
1 0.0415 0.0218 0.2800 0.0465 0.0293 0.0440 0.0870 0.0210 
2 0.0158 0.0028 0.0067 0.1508 0.0148 0.0260 0.0180 0.0045 
3 0.1808 0.0771 0.0688 0.1044 0.0473 0.0680 0.0583 0.1215 
4 0.3229 0.0840 0.0833 0.0830 0.0526 0.0756 0.0831 0.0561 
5 0.0415 0.0264 0.0277 0.0419 0.0309 0.0300 0.0369 0.0331 
6 0.0526 0.0413 0.0393 0.0682 0.0420 0.0513 0.0600 0.0419 
7 0.1029 0.0692 0.1093 0.0885 0.0670 0.0778 0.0933 0.0940 
8 0.0303 0.0207 0.0179 0.0420 0.0277 0.0253 0.0352 0.0220 
9 0.0297 0.0234 0.0261 0.0381 0.0352 0.0242 0.0363 0.0294 
10 0.0979 0.0334 0.0256 0.0753 0.0388 0.0435 0.0440 0.1045 
11 0.0860 0.0261 0.0321 0.0565 0.0343 0.1813 0.0959 0.0321 
12 0.0330 0.0245 0.0209 0.0457 0.0265 0.0264 0.0290 0.0231 
13 0.0353 0.0213 0.0194 0.0281 0.0284 0.0300 0.0386 0.0271 
14 0.0459 0.0284 0.0221 0.0421 0.0290 0.3286 0.0400 0.0294 
15 0.0304 0.0171 0.0134 0.0354 0.0173 0.0378 0.0314 0.0235 
16 0.0607 0.0622 0.1284 0.2333 0.0672 0.0798 0.0684 0.0734 
17 0.0899 0.0681 0.0804 0.0854 0.0483 0.0696 0.0895 0.0508 
18 0.0738 0.0821 0.5311 0.1520 0.0720 0.1356 0.1130 0.0658 
19 0.0625 0.0387 0.2178 0.0855 0.0454 0.0591 0.0940 0.0493 
20 0.0404 0.0212 0.1237 0.0456 0.0227 0.0207 0.0317 0.0223 
21 0.1115 0.1040 0.1945 0.1208 0.1302 0.1232 0.1295 0.1297 
22 0.0321 0.0173 0.0523 0.0391 0.0211 0.0235 0.0243 0.0223 
23 0.0272 0.0211 0.0842 0.0436 0.0300 0.0299 0.0299 0.0264 
24 0.0194 0.0171 0.0604 0.0278 0.0213 0.0219 0.0246 0.0144 
25 0.0908 0.0697 0.0991 0.0837 0.0564 0.0765 0.1396 0.0466 
26 0.1228 0.0189 0.0733 0.0274 0.0193 0.0614 0.0329 0.0237 
27 0.2590 0.1059 0.1897 0.1081 0.0671 0.1066 0.1062 0.2147 
28 0.0250 0.0158 0.0169 0.0268 0.0401 0.0145 0.0178 0.0156 
29 0.2174 0.1688 0.0303 0.1210 0.1700 0.0898 0.0931 0.0921 
30 0.0853 0.0277 0.0304 0.0645 0.0318 0.0327 0.1864 0.0293 
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3 year PO4 Treatment by time (60 cm)
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Figure C1:  Three-year Phosphorus treatment means by week for 60 cm data.  MB = meadow 
brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT = birdsfoot trefoil, and 
WC = white clover. 
3 year PO4 Treatment by Time (90 cm)
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Figure C2:  Three-year Phosphorus treatment means by week for 90 cm data.  MB = meadow 
brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT = birdsfoot trefoil, and 
WC = white clover. 
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Figure C3:  Weekly phosphorus treatment means for meadow brome/birdsfoot trefoil (MB/BFT) and 
meadow brome/white clover (MB/WC) at 60 cm for 3-year data. 
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Figure C4:  Weekly phosphorus treatment means for orchardgrass/birdsfoot trefoil (OG/BFT) and 
orchardgrass/white clover (OG/WC) at 60 cm for 3-year data. 
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Tall Fescue 3 Year Phosphate Means (60 cm)
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Figure C5:  Weekly phosphorus treatment means for tall fescue/birdsfoot trefoil (TF/BFT) and tall 
fescue/white clover (TF/WC) at 60 cm for 3-year data. 
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Figure C6:  Weekly phosphorus treatment means for perennial ryegrass/birdsfoot trefoil (PRG/BFT) 
and perennial ryegrass/white clover (PRG/WC) at 60 cm for 3-year data. 
 161
Meadow Brome 3 Year Phosphate Means (90 cm)
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Figure C7:  Weekly phosphorus treatment means for meadow brome/birdsfoot trefoil (MB/BFT) and 
meadow brome/white clover (MB/WC) at 90 cm for 3-year data. 
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Figure C8:  Weekly phosphorus treatment means for orchardgrass/birdsfoot trefoil (OG/BFT) and 
orchardgrass/white clover (OG/WC) at 90 cm for 3-year data. 
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Tall Fescue 3 Year Phosphate Means
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Figure C9:  Weekly phosphorus treatment means for tall fescue/birdsfoot trefoil (TF/BFT) and tall 
fescue/white clover (TF/WC) at 90 cm for 3-year data. 
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Figure C10:  Weekly phosphorus treatment means for perennial ryegrass/birdsfoot trefoil 
(PRG/BFT) and perennial ryegrass/white clover (PRG/WC) at 90 cm for 3-year data. 
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Table C3:  2001 Phosphorus treatment means by date for 60 cm data.  MB = meadow 
brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT = 
birdsfoot trefoil, and WC = white clover. 
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
14-May 0.025 0.010 0.010 0.007 0.028 0.048 0.030 0.048 
21-May 0.030 0.030 0.015 0.005 0.035 0.020 0.050 0.057 
29-May 0.023 0.020 0.013 0.030 0.038 0.058 0.045 0.063 
4-Jun 0.020 0.033 0.013 0.025 0.033 0.070 0.030 0.040 
11-Jun 0.030 0.020 0.013 0.038 0.033 0.050 0.043 0.083 
18-Jun 0.023 0.013 0.010 0.013 0.015 0.030 0.033 0.035 
25-Jun 0.020 0.010 0.010 0.015 0.015 0.030 0.035 0.028 
2-Jul 0.025 0.010 0.010 0.013 0.018 0.050 0.028 0.018 
10-Jul 0.028 0.020 0.018 0.023 0.048 0.063 0.058 0.070 
17-Jul 0.018 0.015 0.010 0.013 0.018 0.025 0.033 0.020 
23-Jul 0.018 0.010 0.010 0.013 0.018 0.030 0.018 0.023 
30-Jul 0.020 0.025 0.015 0.015 0.017 0.037 0.030 0.040 
6-Aug 0.020 0.020 0.017 0.020 0.023 0.027 0.023 0.047 
13-Aug 0.013 0.010 0.010 0.015 0.015 0.010 0.020 0.033 
20-Aug 0.025 0.065 0.048 0.060 0.068 0.115 0.080 0.103 
27-Aug 0.020 0.010 0.010 0.013 0.015 0.018 0.015 0.050 
4-Sep 0.015 0.010 0.010 0.013 0.015 0.028 0.023 0.020 
10-Sep 0.013 0.010 0.010 0.023 0.010 0.010 0.013 0.020 
17-Sep 0.015 0.010 0.010 0.013 0.013 0.020 0.023 0.017 
24-Sep 0.038 0.033 0.025 0.030 0.030 0.045 0.055 0.040 
1-Oct 0.025 0.020 0.020 0.025 0.018 0.023 0.030 0.040 
9-Oct 0.020 0.010 0.018 0.013 0.015 0.010 0.015 0.020 
15-Oct 0.018 0.010 0.013 0.013 0.013 0.015 0.015 0.025 
29-Oct 0.070 0.020 0.017 0.030 0.018 0.013 0.030 0.040 
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Table C4:  2001 Phosphorus treatment means by date for 90 cm data.  MB = meadow 
brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT = 
birdsfoot trefoil, and WC = white clover. 
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
14-May 0.059 0.039 0.018 0.055 0.028 0.027 0.026 0.035 
21-May 0.049 0.031 0.050 0.064 0.047 0.063 0.053 0.037 
29-May 0.049 0.033 0.032 0.070 0.044 0.036 0.048 0.036 
4-Jun 0.021 0.026 0.025 0.049 0.041 0.027 0.042 0.035 
11-Jun 0.029 0.021 0.023 0.035 0.037 0.047 0.044 0.026 
18-Jun 0.043 0.024 0.021 0.036 0.033 0.033 0.035 0.020 
25-Jun 0.036 0.019 0.016 0.025 0.021 0.023 0.024 0.018 
2-Jul 0.027 0.014 0.015 0.026 0.020 0.029 0.035 0.022 
10-Jul 0.031 0.020 0.018 0.030 0.024 0.780 0.029 0.019 
17-Jul 0.025 0.017 0.012 0.051 0.023 0.031 0.022 0.019 
23-Jul 0.025 0.016 0.015 0.025 0.016 0.023 0.023 0.014 
30-Jul 0.030 0.019 0.019 0.034 0.024 0.023 0.034 0.023 
6-Aug 0.032 0.024 0.235 0.029 0.027 0.179 0.041 0.026 
13-Aug 0.032 0.018 0.016 0.034 0.025 0.027 0.035 0.022 
20-Aug 0.024 0.018 0.013 0.035 0.025 0.026 0.030 0.022 
27-Aug 0.014 0.012 0.012 0.037 0.011 0.014 0.016 0.012 
4-Sep 0.021 0.018 0.012 0.023 0.012 0.016 0.020 0.013 
10-Sep 0.011 0.013 0.013 0.014 0.014 0.026 0.020 0.013 
17-Sep 0.016 0.017 0.010 0.032 0.022 0.015 0.020 0.013 
24-Sep 0.040 0.045 0.039 0.064 0.052 0.058 0.068 0.037 
1-Oct 0.029 0.022 0.020 0.053 0.025 0.126 0.034 0.028 
9-Oct 0.028 0.024 0.020 0.038 0.029 0.020 0.024 0.030 
15-Oct 0.019 0.016 0.013 0.028 0.060 0.017 0.021 0.018 
29-Oct 0.031 0.024 0.022 0.055 0.029 0.028 0.035 0.028 
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Figure C11:  2001 Phosphorus treatment means by date for 60 cm data.  MB = 
meadow brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT 
= birdsfoot trefoil, and WC = white clover. 
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Figure C12:  2001 phosphorus treatment means  by date for meadow brome/birdsfoot trefoil 
(MB/BFT) and meadow brome/white clover (MB/WC) at 60 cm. 
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Figure C13:  2001 phosphorus treatment means by date for orchardgrass/birdsfoot trefoil (OG/BFT) 
and orchardgrass/white clover (OG/WC) at 60 cm. 
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Figure C14:  2001 phosphorus treatment means by date for tall fescue/birdsfoot trefoil (TF/BFT) 
and tall fescue/white clover (TF/WC) at 60 cm. 
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Figure C15:  2001 phosphorus treatment means  by date for perennial ryegrass/birdsfoot trefoil 
(PRG/BFT) and perennial ryegrass/white clover (PRG/WC) at 60 cm. 
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Figure C16:  2001 Phosphorus treatment means by date for 90 cm data.  MB = meadow brome, OG 
= orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT = birdsfoot trefoil, and WC = white 
clover. 
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Figure C17:  2001 phosphorus treatment means by date for meadow brome/birdsfoot trefoil 
(MB/BFT) and meadow brome/white clover (MB/WC) at 90 cm. 
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Figure C18:  2001 phosphorus treatment means by date for orchardgrass/birdsfoot trefoil (OG/BFT) 
and orchardgrass/white clover (OG/WC) at 90 cm. 
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Figure C19:  2001 phosphorus treatment means by date for tall fescue/birdsfoot trefoil (TF/BFT) 
and tall fescue/white clover (TF/WC) at 90 cm. 
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Figure C20:  2001 phosphorus treatment means by date for perennial ryegrass/birdsfoot trefoil 
(PRG/BFT) and perennial ryegrass/white clover (PRG/WC) at 90 cm. 
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Table C5:  2002 Phosphorus treatment means by date for 60 cm data.  MB = 
meadow brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT 
= birdsfoot trefoil, and WC = white clover. 
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
23-Apr 0.137 0.098 0.058 0.130 0.055 0.138 0.054 0.190 
30-Apr 0.162 0.114 0.111 0.111 0.729 0.309 0.099 0.078 
7-May 0.021 0.014 0.015 0.021 0.014 0.017 0.024 0.034 
14-May 0.026 0.018 0.025 0.029 0.020 0.172 0.028 0.032 
21-May 0.163 0.116 0.178 0.252 0.188 0.244 0.251 0.270 
28-May 0.026 0.014 0.015 0.022 0.020 0.019 0.024 0.030 
4-Jun 0.029 0.022 0.017 0.028 0.022 0.020 0.031 0.038 
11-Jun 0.029 0.025 0.024 0.033 0.037 0.028 0.033 0.037 
18-Jun . . . . . . . . 
25-Jun 0.073 0.030 0.026 0.035 0.030 0.027 0.034 0.040 
2-Jul . . . . . . . . 
9-Jul 0.029 0.024 0.028 0.027 0.024 0.024 0.032 0.037 
16-Jul 0.023 0.021 0.021 0.025 0.026 0.016 0.034 0.041 
23-Jul 0.230 0.141 0.122 0.093 0.060 0.134 0.096 0.094 
30-Jul 0.114 0.200 0.104 0.095 0.042 0.133 0.055 0.031 
6-Aug 0.406 0.137 0.083 0.082 0.043 0.059 0.098 0.037 
13-Aug 0.010 0.009 0.008 0.015 0.011 0.002 0.016 0.020 
20-Aug 0.013 0.004 0.008 0.015 0.005 0.001 0.018 0.019 
27-Aug 0.307 0.440 0.407 0.448 0.283 0.358 0.211 0.133 
3-Sep 0.017 0.008 0.014 0.021 0.011 0.008 0.020 0.023 
10-Sep 0.016 0.009 0.015 0.025 0.012 0.009 0.021 0.027 
17-Sep . . . . . . . . 
24-Sep 0.285 0.111 0.146 0.162 0.077 0.076 0.055 0.037 
2-Oct 0.010 0.009 0.012 0.018 0.012 0.008 0.018 0.026 
8-Oct 0.294 0.276 0.230 0.224 0.214 0.168 0.260 0.195 
15-Oct . . . . . . . . 
22-Oct 0.125 0.076 0.050 0.091 0.091 0.107 0.064 0.249 
29-Oct . . . . . . . . 
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Table C6:  2002 Phosphorus treatment means by date for 90 cm data.  MB = 
meadow brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT 
= birdsfoot trefoil, and WC = white clover. 
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
23-Apr 0.243 0.155 0.122 0.134 0.063 0.096 0.082 0.037 
30-Apr 0.540 0.139 0.139 0.107 0.067 0.109 0.126 0.085 
7-May 0.038 0.022 0.026 0.045 0.024 0.026 0.034 0.023 
14-May 0.061 0.043 0.050 0.067 0.047 0.048 0.062 0.040 
21-May 0.174 0.168 0.233 0.173 0.157 0.149 0.185 0.222 
28-May 0.028 0.017 0.017 0.037 0.019 0.019 0.030 0.021 
4-Jun 0.028 0.022 0.023 0.033 0.020 0.020 0.029 0.028 
11-Jun 0.042 0.035 0.029 0.051 0.035 0.038 0.039 0.035 
18-Jun . . . . . . . . 
25-Jun 0.028 0.021 0.022 0.041 0.028 0.025 0.032 0.027 
2-Jul . . . . . . . . 
9-Jul 0.028 0.028 0.025 0.038 0.026 0.023 0.036 0.032 
16-Jul 0.031 0.021 0.020 0.038 0.022 0.026 0.033 0.025 
23-Jul 0.097 0.164 0.321 0.129 0.144 0.193 0.112 0.143 
30-Jul 0.096 0.121 0.166 0.142 0.087 0.121 0.184 0.072 
6-Aug 0.111 0.146 0.150 0.120 0.094 0.088 0.113 0.056 
13-Aug 0.017 0.009 0.008 0.027 0.013 0.012 0.016 0.012 
20-Aug 0.014 0.011 0.009 0.027 0.011 0.013 0.015 0.014 
27-Aug 0.285 0.275 0.366 0.290 0.247 0.311 0.326 0.346 
3-Sep 0.022 0.016 0.016 0.032 0.018 0.020 0.020 0.020 
10-Sep 0.022 0.016 0.012 0.030 0.017 0.018 0.016 0.020 
17-Sep . . . . . . . . 
24-Sep 0.142 0.151 0.208 0.147 0.116 0.117 0.337 0.075 
2-Oct 0.021 0.016 0.019 0.019 0.010 0.016 0.022 0.021 
8-Oct 0.297 0.265 0.415 0.244 0.383 0.207 0.230 0.580 
15-Oct . . . . . . . . 
22-Oct 0.117 0.045 0.035 0.160 0.306 0.143 0.115 0.136 
29-Oct . . . . . . . . 
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Figure C21:  2002 Phosphorus treatment means by date for 60 cm data.  MB = meadow brome, OG 
= orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT = birdsfoot trefoil, and WC = white 
clover. 
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Figure C22:  2002 phosphorus treatment means by date for meadow brome/birdsfoot trefoil 
(MB/BFT) and meadow brome/white clover (MB/WC) at 60 cm. 
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Figure C23:  2002 phosphorus treatment means by datefor orchardgrass/birdsfoot trefoil (OG/BFT) 
and orchardgrass/white clover (OG/WC) at 60 cm. 
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Figure C24:  2002 phosphorus treatment means for tall fescue/birdsfoot trefoil (TF/BFT) and tall 
fescue/white clover (TF/WC) at 60 cm. 
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Figure C25:  2002 phosphorus treatment means by date for perennial ryegrass/birdsfoot trefoil 
(PRG/BFT) and perennial ryegrass/white clover (PRG/WC) at 60 cm. 
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Table C26:  2002 Phosphorus treatment means by week for 90 cm data.  MB = meadow brome, OG 
= orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT = birdsfoot trefoil, and WC = white 
clover. 
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Figure C27:  2002 phosphorus treatment means by date for meadow brome/birdsfoot trefoil 
(MB/BFT) and meadow brome/white clover (MB/WC) at 90 cm. 
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Figure C28:  Weekly phosphorus treatment means by date for orchardgrass/birdsfoot trefoil 
(OG/BFT) and orchardgrass/white clover (OG/WC) at 90 cm. 
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Figure C29:  2002 phosphorus treatment means by date for tall fescue/birdsfoot trefoil (TF/BFT) 
and tall fescue/white clover (TF/WC) at 90 cm. 
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Figure C30:  2002 phosphorus treatment means by date for perennial ryegrass/birdsfoot trefoil 
(PRG/BFT) and perennial ryegrass/white clover (PRG/WC) at 90 cm. 
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Table C7:  2003 Phosphorus treatment means by week for 60 cm data.  MB = 
meadow brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT 
= birdsfoot trefoil, and WC = white clover. 
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
27-Mar 0.052 0.008 0.015 0.034 0.015 0.010 0.016 0.026 
10-Apr 0.005 0.010 0.006 0.008 0.000 0.005 0.007 0.000 
17-Apr 0.027 0.005 0.082 0.033 0.019 0.020 0.046 0.067 
24-Apr 0.034 0.017 0.022 0.027 0.019 0.022 0.036 0.028 
1-May 0.024 0.016 0.021 0.027 0.017 0.014 0.033 0.028 
8-May 0.075 0.026 0.045 0.060 0.078 1.368 0.997 0.083 
15-May 0.231 0.000 0.001 0.033 0.026 0.000 0.029 0.281 
22-May 0.027 0.006 0.007 0.005 0.016 0.033 0.030 0.054 
29-May 0.017 0.017 0.011 0.017 0.018 0.010 0.034 0.011 
3-Jun 0.015 0.006 0.011 0.107 0.008 0.002 0.028 0.008 
10-Jun 0.021 0.018 0.027 0.030 0.020 0.019 0.041 0.017 
17-Jun 0.016 0.008 0.019 0.019 0.019 0.014 0.028 0.029 
24-Jun 0.023 0.026 0.021 0.035 0.034 0.024 0.039 0.050 
1-Jul 0.025 0.013 0.009 0.026 0.028 0.048 0.052 0.090 
8-Jul 0.028 0.009 0.015 0.142 0.025 0.012 0.020 0.032 
15-Jul 0.231 0.075 0.051 0.307 0.051 0.075 0.066 0.090 
22-Jul 0.063 0.014 0.020 0.040 0.025 0.039 0.018 0.046 
29-Jul 0.385 0.059 0.062 1.188 0.043 0.016 0.071 0.125 
5-Aug 0.285 0.068 0.073 0.591 0.073 0.081 0.108 0.176 
12-Aug 0.103 0.607 0.021 0.316 0.199 0.135 0.159 0.090 
19-Aug 0.063 0.022 0.014 0.162 0.015 0.013 0.038 0.045 
26-Aug 0.048 0.007 0.014 0.069 0.015 0.013 0.049 0.049 
2-Sep 0.395 0.028 0.027 0.057 0.018 0.025 0.030 0.044 
16-Sep 0.022 0.000 0.001 0.011 0.073 0.033 0.059 0.017 
23-Sep 0.024 0.007 0.006 0.029 0.013 0.002 0.027 0.049 
30-Sep 0.059 0.001 0.005 0.169 0.008 0.000 0.064 0.054 
7-Oct 0.074 0.082 0.006 0.010 0.004 . 0.019 0.065 
14-Oct 0.033 0.016 0.022 0.021 0.014 0.008 0.013 0.008 
21-Oct 0.024 0.017 0.014 0.008 0.009 0.026 0.007 0.010 
28-Oct 0.028 0.012 0.013 0.018 0.012 0.008 0.018 0.050 
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Table C8:  2003 Phosphorus treatment means by week for 90 cm data.  MB = 
meadow brome, OG = orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT 
= birdsfoot trefoil, and WC = white clover. 
 
Date MB/BFT MB/WC OG/BFT OG/WC TF/BFT TF/WC PRG/BFT PRG/WC 
27-Mar 0.042 0.022 0.280 0.047 0.029 0.044 0.087 0.021 
10-Apr 0.016 0.003 0.007 0.151 0.015 0.026 0.018 0.005 
17-Apr 0.118 0.019 0.016 0.075 0.026 0.040 0.035 0.206 
24-Apr 0.033 0.030 0.028 0.065 0.034 0.042 0.041 0.027 
1-May 0.045 0.033 0.030 0.038 0.041 0.036 0.040 0.043 
8-May 0.034 0.042 0.047 0.083 0.050 0.079 0.093 0.079 
15-May 0.072 0.010 0.016 0.050 0.020 0.022 0.042 0.023 
22-May 0.014 0.010 0.005 0.020 0.018 0.021 0.027 0.009 
29-May 0.038 0.023 0.030 0.033 0.041 0.027 0.038 0.029 
3-Jun 0.208 0.045 0.024 0.140 0.044 0.046 0.050 0.233 
10-Jun 0.129 0.029 0.044 0.078 0.035 0.329 0.157 0.045 
17-Jun 0.037 0.034 0.026 0.081 0.030 0.031 0.032 0.024 
24-Jun 0.044 0.028 0.024 0.031 0.037 0.031 0.042 0.033 
1-Jul 0.079 0.038 0.023 0.064 0.037 0.033 0.056 0.038 
8-Jul 0.036 0.014 0.009 0.018 0.008 0.057 0.040 0.026 
15-Jul 0.061 0.033 0.050 0.546 0.042 0.023 0.081 0.060 
22-Jul 0.129 0.052 0.049 0.078 0.034 0.042 0.038 0.057 
29-Jul 0.077 0.076 1.209 0.307 0.100 0.151 0.186 0.116 
5-Aug 0.132 0.090 0.630 0.196 0.099 0.131 0.231 0.114 
12-Aug 0.079 0.034 0.322 0.076 0.032 0.025 0.051 0.031 
19-Aug 0.035 0.026 0.161 0.035 0.133 0.017 0.047 0.031 
26-Aug 0.061 0.019 0.129 0.063 0.034 0.033 0.033 0.034 
2-Sep 0.045 0.035 0.228 0.087 0.059 0.046 0.062 0.046 
16-Sep 0.024 0.017 0.111 0.024 0.021 0.029 0.030 0.016 
23-Sep 0.090 0.014 0.050 0.041 0.016 0.050 0.038 0.028 
30-Sep 0.319 0.018 0.182 0.002 0.021 0.036 0.046 0.022 
7-Oct 0.516 0.029 0.050 0.043 0.027 0.071 0.065 0.034 
14-Oct 0.033 0.016 0.022 0.021 0.014 0.008 0.013 0.008 
21-Oct 0.352 0.293 0.026 0.069 0.034 0.037 0.064 0.059 
28-Oct 0.140 0.033 0.039 0.075 0.034 0.037 0.388 0.031 
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Figure C31:  2003 Phosphorus treatment means by date for 90 cm data.  MB = meadow brome, OG 
= orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT = birdsfoot trefoil, and WC = white 
clover. 
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Figure C32:  2003 phosphorus treatment means  by date for meadow brome/birdsfoot trefoil 
(MB/BFT) and meadow brome/white clover (MB/WC) at 60 cm for 3-year data. 
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2003 Orchardgrass Phosphate Treatment Means (60 cm)
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Figure C33:  2003 phosphorus treatment means by date for orchardgrass/birdsfoot trefoil (OG/BFT) 
and orchardgrass/white clover (OG/WC) at 60 cm. 
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Figure C34:  2003 phosphorus treatment means by date for tall fescue/birdsfoot trefoil (TF/BFT) 
and tall fescue/white clover (TF/WC) at 60 cm. 
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2003 Perennial Ryegrass Treatment Means (60 cm)
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Figure C35:  2003 phosphorus treatment means by date for perennial ryegrass/birdsfoot trefoil 
(PRG/BFT) and perennial ryegrass/white clover (PRG/WC) at 60 cm. 
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Figure C36:  2003 Phosphorus treatment means by date for 90 cm data.  MB = meadow brome, OG 
= orchardgrass, TF = tall fescue, PRG = perennial ryegrass, BFT = birdsfoot trefoil, and WC = white 
clover. 
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Figure C37:  2003 phosphorus treatment means by date for meadow brome/birdsfoot trefoil 
(MB/BFT) and meadow brome/white clover (MB/WC) at 90 cm. 
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Figure C38:  2003 phosphorus treatment means by date for orchardgrass/birdsfoot trefoil (OG/BFT) 
and orchardgrass/white clover (OG/WC) at 90 cm. 
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Figure C39:  2003 phosphorus treatment means by date for tall fescue/birdsfoot trefoil (TF/BFT) 
and tall fescue/white clover (TF/WC) at 90 cm. 
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Figure C40:  2003 phosphorus treatment means by date for perennial ryegrass/birdsfoot trefoil 
(PRG/BFT) and perennial ryegrass/white clover (PRG/WC) at 90 cm. 
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Table D1:  Three-year phosphorus (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, 
gls 9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and 
odd numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
 
week gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10  gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
1 0.0517 0.0085 0.0080 0.0160 0.0130 0.0465 0.0205 0.0210 0.0130 0.0120 0.0087 0.0100 0.0177 0.0270 0.0240 
2 0.0050 0.0185 0.0005 0.0000 0.0250 0.0100 0.0065 0.0000 0.0000 0.0000 0.0060 0.0000 0.0097 0.0000 0.0000 
3 0.0820 0.0370 0.0663 0.0770 0.0485 0.1110 0.0518 0.0235 0.0413 0.0985 0.0725 0.0270 0.0575 0.1388 0.0040 
4 0.0983 0.0573 0.0738 0.0712 0.0520 0.0910 0.0463 0.0480 0.4822 0.3955 0.0887 0.0630 0.0687 0.0704 0.0220 
5 0.0226 0.0147 0.0148 0.0152 0.0265 0.0278 0.0205 0.0140 0.0157 0.0150 0.0154 0.0210 0.0312 0.0355 0.0175 
6 0.0419 0.0213 0.0158 0.0231 0.0370 0.0360 0.0316 0.0737 0.0309 0.0400 0.6076 0.0267 0.4601 0.0586 0.0200 
7 0.1413 0.0507 0.0680 0.0719 0.0860 0.1723 0.0852 0.0867 0.0817 0.0000 0.1506 0.0877 0.1260 0.2319 0.1440 
8 0.0250 0.0147 0.0125 0.0120 0.0100 0.0188 0.0246 0.0357 0.0207 0.0247 0.0494 0.0157 0.0421 0.0495 0.0230 
9 0.0218 0.0223 0.0253 0.0119 0.0170 0.0258 0.0202 0.0273 0.0230 0.0205 0.0498 0.0217 0.0352 0.0355 0.0320 
10 0.0245 0.0257 0.0155 0.0127 0.0247 0.0362 0.0820 0.0150 0.0258 0.0477 0.0205 0.0203 0.0393 0.0498 0.0475 
11 0.0219 0.0100 0.0160 0.0172 0.0215 0.0158 0.0253 0.0100 0.0182 0.0235 0.0278 0.0100 0.0402 0.0343 0.0200 
12 0.0363 0.0203 0.0154 0.0169 0.0223 0.0217 0.0237 0.0253 0.0197 0.0167 0.0294 0.0197 0.0380 0.0348 0.0230 
13 0.0241 0.0153 0.0178 0.0142 0.0185 0.0228 0.0250 0.0210 0.0270 0.0330 0.0414 0.0150 0.0392 0.0350 0.0100 
14 0.0271 0.0148 0.0217 0.0193 0.0180 0.0290 0.0202 0.0330 0.0333 0.0563 0.0389 0.0245 0.0539 0.0710 0.0200 
15 0.0228 0.0186 0.0110 0.0126 0.0230 0.0222 0.0968 0.0193 0.0236 0.0240 0.0153 0.0153 0.0330 0.0344 0.0100 
16 0.1592 0.0694 0.0808 0.0454 0.0817 0.0833 0.1912 0.0497 0.0383 0.1055 0.0792 0.0413 0.0661 0.0738 0.0610 
17 0.0707 0.0746 0.1062 0.0389 0.0683 0.0657 0.0342 0.0350 0.0274 0.0910 0.0741 0.0223 0.0411 0.0484 0.0127 
18 0.2930 0.0732 0.1093 0.0531 0.0683 0.1116 0.7637 0.0400 0.0366 0.0570 0.0292 0.0830 0.0555 0.0837 0.0160 
19 0.1107 0.0420 0.0270 0.0329 0.0383 0.0742 0.3400 0.0430 0.0299 0.0385 0.0376 0.0313 0.0465 0.0902 0.0355 
20 0.0515 0.4940 0.0212 0.0236 0.0303 0.0522 0.2078 0.0483 0.1043 0.1517 0.0608 0.0840 0.0771 0.0770 0.0275 
21 0.1396 0.1482 0.1892 0.1326 0.1757 0.1585 0.2563 0.1323 0.0950 0.1290 0.1298 0.0697 0.1013 0.0791 0.0735 
22 0.0265 0.0092 0.0077 0.0108 0.0180 0.0296 0.0402 0.0187 0.0121 0.0187 0.0152 0.0193 0.0341 0.0366 0.0080 
23 0.1179 0.0172 0.0162 0.0161 0.0190 0.0200 0.0493 0.0130 0.0133 0.0145 0.0149 0.0157 0.0226 0.0364 0.0155 
24 0.0184 0.0050 0.0050 0.0050 0.0075 0.0060 0.0197 0.0100 0.0535 0.0075 0.0328 0.0050 0.0514 0.0204 0.0000 
25 0.1156 0.0425 0.0657 0.0470 0.0937 0.0808 0.0663 0.0595 0.0387 0.0505 0.0483 0.0173 0.0589 0.0436 0.0200 
26 0.0335 0.0110 0.0095 0.0130 0.0130 0.0355 0.1120 0.0177 0.0104 0.0100 0.0136 0.0153 0.0449 0.0450 0.0000 
27 0.1343 0.1452 0.1230 0.0890 0.0983 0.0606 0.0898 0.1090 0.0621 0.1310 0.0880 0.1157 0.1129 0.1193 0.0670 
28 0.0243 0.0100 0.0137 0.0168 0.0155 0.0155 0.0150 0.0100 0.0135 0.0100 0.0145 0.0115 0.0155 0.0193 . 
29 0.0745 0.0560 0.0230 0.0600 0.0170 0.0535 0.0830 0.2170 0.0332 . 0.0742 0.0145 0.0590 0.1893 0.0100 
30 0.0490 0.0200 0.0143 0.0130 0.0190 0.0240 0.0300 0.0100 0.0162 0.0200 0.0093 0.0200 0.0295 0.0450 . 
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Table D2:  Three-year phosphorus (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, 
gls 9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and 
odd numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1soil type 
 
week gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10  gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
1 0.0415 0.0145 0.0290 0.3527 0.0620 0.0450 0.0480 0.0150 0.0340 0.0530 0.0410 0.0130 0.1117 0.0233 0.0140 
2 0.0158 0.0045 0.0010 0.0040 0.0120 0.2920 0.0095 0.0070 0.0173 0.0400 0.0213 0.0000 0.0240 0.0045 . 
3 0.1808 0.0743 0.0793 0.0723 0.0580 0.0798 0.1290 0.0520 0.0454 0.0660 0.0687 0.0425 0.0635 0.1565 0.0165 
4 0.3229 0.0823 0.0858 0.0867 0.0730 0.0680 0.0943 0.0380 0.0584 0.0815 0.0737 0.0650 0.0892 0.0538 0.0630 
5 0.0415 0.0273 0.0258 0.0262 0.0315 0.0488 0.0327 0.0220 0.0344 0.0335 0.0286 0.0330 0.0382 0.0368 0.0220 
6 0.0526 0.0493 0.0332 0.0307 0.0593 0.0620 0.0743 0.0260 0.0489 0.0513 0.0513 0.0487 0.0638 0.0456 0.0290 
7 0.1029 0.0597 0.0787 0.1125 0.0965 0.0842 0.0920 0.0553 0.0714 0.0840 0.0757 0.0557 0.1059 0.0484 0.2307 
8 0.0303 0.0248 0.0173 0.0139 0.0300 0.0438 0.0402 0.0195 0.0296 0.0403 0.0202 0.0357 0.0350 0.0239 0.0163 
9 0.0297 0.0318 0.0163 0.0226 0.0353 0.0428 0.0333 0.0187 0.0414 0.0340 0.0205 0.0380 0.0358 0.0296 0.0290 
10 0.0979 0.0358 0.0310 0.0218 0.0370 0.0567 0.0938 0.0287 0.0421 0.0537 0.0401 0.0235 0.0486 0.1366 0.0190 
11 0.0860 0.0335 0.0188 0.0318 0.0330 0.0550 0.0580 0.0340 0.0343 0.0545 0.2235 0.0325 0.1170 0.0387 0.0125 
12 0.0330 0.0270 0.0220 0.0186 0.0280 0.0360 0.0574 0.0163 0.0299 0.0430 0.0209 0.0257 0.0301 0.0269 0.0117 
13 0.0353 0.0263 0.0163 0.0175 0.0250 0.0248 0.0315 0.0215 0.0307 0.0360 0.0280 0.0290 0.0418 0.0310 0.0155 
14 0.0459 0.0325 0.0243 0.0191 0.0310 0.0377 0.0474 0.0173 0.0329 1.5480 0.0238 0.0290 0.0437 0.0337 0.0167 
15 0.0304 0.0183 0.0158 0.0110 0.0207 0.0422 0.0287 0.0080 0.0203 0.0933 0.0192 0.0447 0.0270 0.0271 0.0127 
16 0.0607 0.0574 0.0662 0.1396 0.0950 0.1272 0.3395 0.0587 0.0700 0.0953 0.0747 0.0443 0.0774 0.0774 0.0627 
17 0.0899 0.0812 0.0572 0.0860 0.0653 0.1052 0.0616 0.0467 0.0489 0.1185 0.0574 0.0390 0.1085 0.0520 0.0470 
18 0.0738 0.0787 0.0855 0.4281 0.8400 0.1217 0.1823 0.0640 0.0750 0.0693 0.1605 0.0550 0.1323 0.0774 0.0307 
19 0.0625 0.0450 0.0323 0.2297 0.1820 0.0552 0.1158 0.0330 0.0496 0.1037 0.0424 0.0843 0.0972 0.0566 0.0273 
20 0.0404 0.0198 0.0223 0.1549 0.0407 0.0363 0.0548 0.0203 0.0234 0.0313 0.0168 0.0323 0.0314 0.0249 0.0147 
21 0.1115 0.1040 0.1040 0.1636 0.2767 0.1105 0.1310 0.0803 0.1468 0.1447 0.1151 0.1073 0.1369 0.1253 0.1427 
22 0.0321 0.0207 0.0138 0.0179 0.1557 0.0313 0.0468 0.0113 0.0243 0.0263 0.0224 0.0180 0.0263 0.0253 0.0130 
23 0.0272 0.0255 0.0167 0.0991 0.0393 0.0328 0.0543 0.0240 0.0320 0.0380 0.0272 0.0307 0.0296 0.0306 0.0140 
24 0.0194 0.0185 0.0158 0.0190 0.1845 0.0188 0.0368 0.0140 0.0237 0.0270 0.0202 0.0090 0.0298 0.0140 0.0155 
25 0.0908 0.0770 0.0623 0.0911 0.1230 0.0710 0.0963 0.0220 0.0640 0.0933 0.0701 0.0285 0.1674 0.0479 0.0427 
26 0.1228 0.0194 0.0185 0.0597 0.1143 0.0274 0.0274 0.0120 0.0220 0.0450 0.0661 0.0300 0.0336 0.0262 0.0125 
27 0.2590 0.1093 0.1025 0.2067 0.1500 0.1038 0.1123 0.0135 0.0824 0.1880 0.0761 0.0597 0.1217 0.1211 0.4953 
28 0.0250 0.0180 0.0148 0.0156 0.0200 0.0240 0.0310 0.0100 0.0452 0.0260 0.0107 0.0220 0.0158 0.0155 0.0160 
29 0.2174 0.0367 0.3010 0.0170 0.0700 0.1033 0.1447 0.0565 0.2078 0.1360 0.0668 0.0330 0.1032 0.1000 0.0725 
30 0.0853 0.0280 0.0275 0.0247 0.0475 0.0468 0.0823 0.0220 0.0350 0.0465 0.0272 0.0305 0.2488 0.0308 0.0245 
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Meadow Brome/Birdsfoot Trefoil 3-year Phosphorus GLS means (60 cm)
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Figure D1:  Weekly Meadow Brome/Birdsfoot Trefoil (MB/BFT) phosphorus gls means (gls 1 = 
MB/BFT and soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
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Figure D2:  Weekly Meadow Brome/White Clover (MB/WC) phosphorus gls means (gls 3 = 
MB/WC and soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
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Figure D3:  Weekly Orchardgrass/Birdsfoot Trefoil (OG/BFT) phosphorus gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 60 cm. 
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Figure D4:  Weekly Orchardgrass/White Clover (OG/WC) phosphorus gls means (gls 7 = OG/WC 
and soil type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
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Figure D5:  Weekly Tall Fescue/Birdsfoot Trefoil (TF/BFT) phosphorus gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D6:  Weekly Tall Fescue/White Clover (TF/WC) phosphorus gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 60 cm. 
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Figure D7:  Weekly Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 
= PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D8:  Weekly Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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Figure D9:  Weekly Meadow Brome/Birdsfoot Trefoil (MB/BFT) phosphorus gls means (gls 1 = 
MB/BFT and soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D10:  Weekly Meadow Brome/White Clover (MB/WC) phosphorus gls means (gls 3 = 
MB/WC and soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
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Figure D11:  Weekly Orchardgrass/Birdsfoot Trefoil (OG/BFT) phosphorus gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D12:  Weekly Orchardgrass/White Clover (OG/WC) phosphorus gls means (gls 7 = OG/WC 
and soil type 1 and gls 8 = OG/WC and soil type 2) at 90 cm. 
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Figure D13:  Weekly Tall Fescue/Birdsfoot Trefoil (TF/BFT) phosphorus gls means (gls 9 = 
TF/BFT and soil type 1 and gls 10 = TF/BFT and soil type 2) at 90 cm. 
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Figure D14:  Weekly Tall Fescue/White Clover (TF/WC) phosphorus gls means (gls 11 = TF/WC 
and soil type 1 and gls 12 = TF/WC and soil type 2) at 90 cm. 
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Figure D15:  Weekly Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 
13 = PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
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Figure D16:  Weekly Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm. 
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Table D3:  2001 phosphorus (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
14-May 0.025 0.010 0.010 0.010 0.010 0.010 0.000 0.050 0.020 0.050 0.047 0.010 0.037 0.060 0.010 
21-May 0.030 . 0.030 0.015 . 0.000 0.010 0.030 0.037 . 0.020 0.030 0.060 0.057 . 
29-May 0.023 0.020 0.020 0.013 . 0.020 0.040 0.050 0.033 0.030 0.067 0.020 0.053 0.063 . 
4-Jun 0.020 0.020 0.040 0.010 0.020 0.035 0.015 0.040 0.030 0.030 0.083 0.010 0.037 0.040 . 
11-Jun 0.030 0.030 0.015 0.010 0.020 0.030 0.045 0.030 0.033 0.120 0.015 0.040 0.045 0.090 0.060 
18-Jun 0.023 0.010 0.015 0.010 0.010 0.010 0.015 0.010 0.017 0.030 0.030 0.010 0.040 0.040 0.020 
25-Jun 0.020 0.010 0.010 0.010 0.010 0.015 0.015 0.020 0.013 0.010 0.037 0.010 0.043 0.030 0.020 
2-Jul 0.025 0.010 0.010 0.010 0.010 0.010 0.015 0.020 0.017 0.030 0.057 0.010 0.033 0.020 0.010 
10-Jul 0.028 0.015 0.025 0.017 0.020 0.025 0.020 0.060 0.043 0.060 0.063 0.020 0.070 0.087 0.020 
17-Jul 0.018 0.015 0.015 0.010 0.010 0.015 0.010 0.020 0.017 0.020 0.027 0.010 0.040 0.023 0.010 
23-Jul 0.018 0.010 0.010 0.010 0.010 0.010 0.015 0.030 0.013 . 0.030 0.010 0.020 0.023 . 
30-Jul 0.020 0.020 0.030 0.013 0.020 0.015 0.015 . 0.017 . 0.037 0.030 0.030 0.055 0.010 
6-Aug 0.020 0.020 . 0.010 0.030 0.020 0.020 0.030 0.020 . 0.027 0.010 0.027 0.047 . 
13-Aug 0.013 0.010 . 0.010 0.010 0.020 0.010 0.020 0.013 . 0.010 0.010 0.023 0.033 . 
20-Aug 0.025 0.060 0.070 0.043 0.060 0.070 0.050 0.080 0.063 0.090 0.123 0.070 0.083 0.103 . 
27-Aug 0.020 0.010 0.010 0.010 0.010 0.010 0.015 0.030 0.010 0.010 0.020 0.010 0.017 0.050 . 
4-Sep 0.015 0.010 0.010 0.010 0.010 0.010 0.015 0.030 0.010 0.020 0.030 0.010 0.030 0.020 . 
10-Sep 0.013 0.010 0.010 0.010 0.010 0.010 0.035 0.010 0.010 0.010 0.010 0.010 0.013 0.020 . 
17-Sep 0.015 0.010 0.010 0.010 0.010 0.010 0.020 0.020 0.010 0.010 0.023 0.010 0.027 0.017 . 
24-Sep 0.038 0.020 0.040 0.023 0.030 0.030 0.030 0.030 0.030 0.030 0.050 0.020 0.067 0.040 . 
1-Oct 0.025 0.020 0.020 0.020 0.020 0.025 0.025 0.020 0.017 0.010 0.027 0.020 0.033 0.040 . 
9-Oct 0.020 0.000 0.015 0.017 0.020 0.015 0.010 0.010 0.017 0.010 0.010 0.010 0.017 0.025 0.010 
15-Oct 0.018 0.010 0.010 0.013 0.010 0.010 0.015 0.010 0.013 0.010 0.017 0.010 0.017 0.025 . 
29-Oct 0.070 0.020 0.020 0.015 0.020 0.030 0.030 0.010 0.020 0.020 0.010 0.020 0.033 0.040 . 
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Table D4:  2001 phosphorus (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
14-May 0.059 0.048 0.030 0.008 0.038 0.055 0.056 0.009 0.037 0.031 0.025 0.016 0.029 0.041 0.015 
21-May 0.049 0.038 0.023 0.050 . 0.079 0.049 0.019 0.056 0.041 0.070 0.059 0.051 0.042 0.022 
29-May 0.049 0.038 0.028 0.022 0.063 0.069 0.072 0.024 0.051 0.057 0.029 0.067 0.042 0.041 0.022 
4-Jun 0.021 0.037 0.015 0.013 0.049 0.072 0.026 0.013 0.050 0.033 0.024 0.040 0.043 0.026 0.043 
11-Jun 0.029 0.027 0.014 0.019 0.035 0.061 0.009 0.025 0.041 0.034 0.051 . 0.044 0.029 0.022 
18-Jun 0.043 0.032 0.016 0.016 0.035 0.034 0.038 . 0.033 0.052 0.027 0.033 0.036 0.022 0.013 
25-Jun 0.036 0.024 0.014 0.012 0.027 0.025 0.024 0.013 0.024 0.047 0.015 0.029 0.022 0.020 0.011 
2-Jul 0.027 0.019 0.010 0.012 0.024 0.022 0.030 0.012 0.022 0.059 0.019 0.036 0.035 0.024 0.014 
10-Jul 0.031 0.022 0.017 0.015 0.025 0.030 0.030 0.017 0.027 3.065 0.018 0.037 0.026 0.020 0.014 
17-Jul 0.025 0.021 0.014 0.009 0.018 0.055 0.047 0.009 0.027 0.068 0.018 0.015 0.024 0.020 0.017 
23-Jul 0.025 0.014 0.017 0.013 0.021 0.020 0.031 0.010 0.018 0.046 0.015 0.019 0.024 0.016 0.009 
30-Jul 0.030 0.022 0.018 0.014 0.031 0.031 0.038 0.017 0.026 . 0.023 0.038 0.033 0.028 0.009 
6-Aug 0.032 0.028 0.021 0.306 0.024 0.032 0.027 0.025 0.028 0.031 0.253 0.036 0.042 0.029 0.015 
13-Aug 0.032 0.025 0.011 0.013 0.024 0.028 0.039 0.015 0.028 0.048 0.017 0.047 0.031 0.022 0.019 
20-Aug 0.024 0.024 0.015 0.009 0.021 0.021 0.048 0.019 0.027 0.040 0.020 0.025 0.031 0.024 0.014 
27-Aug 0.014 0.016 0.008 0.009 0.018 0.013 0.062 0.008 0.012 0.021 0.011 0.011 0.018 0.013 0.009 
4-Sep 0.021 0.026 0.010 0.011 0.017 0.016 0.030 0.009 0.013 0.022 0.013 0.009 0.024 0.013 0.014 
10-Sep 0.011 0.017 0.010 0.008 0.026 0.015 0.013 0.011 0.015 0.015 0.030 0.013 0.022 0.014 0.009 
17-Sep 0.016 0.023 0.012 0.008 0.015 0.027 0.036 0.023 0.021 0.031 0.010 0.015 0.021 0.013 0.013 
24-Sep 0.040 0.050 0.040 0.034 0.056 0.047 0.080 0.030 0.059 0.096 0.039 0.041 0.077 0.038 0.033 
1-Oct 0.029 0.025 0.020 0.017 0.028 0.047 0.060 0.013 0.029 0.041 0.169 0.036 0.034 0.029 0.025 
9-Oct 0.028 0.026 0.022 0.013 0.027 0.047 0.029 0.024 0.030 0.028 0.017 0.018 0.026 0.033 0.022 
15-Oct 0.019 0.018 0.014 0.011 0.019 0.026 0.031 0.010 0.077 0.026 0.012 0.031 0.017 0.018 0.016 
29-Oct 0.031 0.029 0.020 0.018 0.031 0.045 0.065 0.016 0.034 0.045 0.019 0.037 0.035 0.030 0.023 
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Figure D17:  2001 Meadow Brome/Birdsfoot Trefoil (MB/BFT) phosphorus gls means (gls 1 = 
MB/BFT and soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
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Figure D18:  2001 Meadow Brome/White Clover (MB/WC) phosphorus gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
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Figure D19:  2001 Orchardgrass/Birdsfoot Trefoil (OG/BFT) phosphorus gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 60 cm. 
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Figure D20:  2001 Orchardgrass/White Clover (OG/WC) phosphorus gls means (gls 7 = OG/WC 
and soil type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
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Figure D21:  2001 Tall Fescue/Birdsfoot Trefoil (TF/BFT) phosphorus gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D22:  2001 Tall Fescue/White Clover (TF/WC) phosphorus gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 60 cm 
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Figure D23:  2001 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D24:  2001 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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Figure D25:  2001 Meadow Brome/Birdsfoot Trefoil (MB/BFT) phosphorus gls means (gls 1 = 
MB/BFT and soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D26:  2001 Meadow Brome/White Clover (MB/WC) phosphorus gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
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Figure D27:  2001 Orchardgrass/Birdsfoot Trefoil (OG/BFT) phosphorus gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D28:  2001 Orchardgrass/White Clover (OG/WC) phosphorus gls means (gls 7 = OG/WC 
and soil type 1 and gls8 = OG/WC and soil type 2) at 90 cm. 
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Figure D29:  2001 Tall Fescue/Birdsfoot Trefoil (TF/BFT) phosphorus gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 90 cm. 
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Figure D30:  2001 Tall Fescue/White Clover (TF/WC) phosphorus gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 90 cm 
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Figure D31:  2001 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
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Figure D32:  2001 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm. 
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Table D5:  2002 phosphorus (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
23-Apr 0.137 0.066 0.131 0.053 0.073 0.186 0.075 0.036 0.062 0.191 0.120 0.043 0.057 0.190 . 
30-Apr 0.162 0.094 0.134 0.124 0.071 0.156 0.066 0.079 0.945 0.773 0.154 0.099 0.099 0.093 0.033 
7-May 0.021 0.014 0.014 0.013 0.020 0.025 0.018 0.013 0.014 0.014 0.017 0.025 0.024 0.037 0.025 
14-May 0.026 0.017 0.019 0.025 0.025 0.028 0.030 0.014 0.022 0.013 0.225 0.019 0.031 0.033 0.030 
21-May 0.163 0.076 0.155 0.182 0.167 0.303 0.201 0.210 0.181 . 0.244 0.226 0.260 0.264 0.288 
28-May 0.026 0.015 0.014 0.015 0.015 0.023 0.022 0.032 0.016 0.011 0.024 0.017 0.028 0.033 0.023 
4-Jun 0.029 0.022 0.023 0.018 0.014 0.026 0.030 0.019 0.023 . 0.020 0.048 0.026 0.041 0.032 
11-Jun 0.029 0.024 0.026 0.025 0.020 0.033 0.034 . 0.037 0.020 0.031 0.021 0.037 0.038 0.035 
18-Jun . . . . . . . . . . . . . . . 
25-Jun 0.073 0.041 0.025 0.026 0.024 0.033 0.036 0.045 0.024 0.026 0.028 0.042 0.030 0.045 0.026 
2-Jul . . . . . . . . . . . . . . . 
9-Jul 0.029 0.021 0.025 0.028 0.025 0.028 0.026 0.022 0.025 0.020 0.025 0.029 0.033 0.037 . 
16-Jul 0.023 0.033 0.015 0.022 0.018 0.024 0.026 0.029 0.024 0.026 0.011 0.029 0.037 0.041 . 
23-Jul 0.230 0.088 0.247 0.110 0.146 0.111 0.075 0.067 0.057 0.144 0.130 0.079 0.102 0.112 0.058 
30-Jul 0.114 0.166 0.235 0.091 0.144 0.115 0.075 0.038 0.044 0.091 0.147 0.023 0.066 0.035 0.018 
6-Aug 0.406 0.076 0.198 0.077 0.101 0.092 0.073 0.038 0.044 0.096 0.046 0.115 0.092 0.044 0.014 
13-Aug 0.010 0.013 0.005 0.007 0.011 0.016 0.014 0.026 0.006 0.004 0.001 0.017 0.015 0.026 0.003 
20-Aug 0.013 0.005 0.004 0.007 0.009 0.016 0.014 0.003 0.005 0.001 0.000 0.028 0.015 0.024 0.004 
27-Aug 0.307 0.338 0.542 0.378 0.493 0.430 0.467 0.352 0.260 0.365 0.356 0.190 0.218 0.132 0.135 
3-Sep 0.017 0.009 0.008 0.013 0.017 0.026 0.019 0.012 0.011 0.010 0.008 0.026 0.018 0.027 0.011 
10-Sep 0.016 0.008 0.011 0.014 0.017 0.029 0.021 0.011 0.013 . 0.009 0.026 0.019 0.032 0.012 
17-Sep . . . . . . . . . . . . . . . 
24-Sep 0.285 0.074 0.148 0.114 0.239 0.190 0.134 0.089 0.073 0.071 0.077 0.030 0.064 0.042 0.020 
2-Oct 0.010 0.011 0.009 0.015 0.005 0.024 0.007 0.012 0.012 . 0.008 0.026 0.016 0.026 . 
8-Oct 0.294 0.226 0.327 0.218 0.263 0.243 0.215 0.208 0.217 0.252 0.140 0.334 0.235 0.197 0.190 
15-Oct . . . . . . . . . . . . . . . 
22-Oct 0.125 0.086 0.055 0.060 0.020 0.100 0.083 0.217 0.049 . 0.107 0.025 0.084 0.249 . 
29-Oct . . . . . . . . . . . . . . . 
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Table D6:  2002 phosphorus (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
23-Apr 0.243 0.176 0.145 0.136 0.077 0.136 0.133 0.086 0.055 0.073 0.104 0.064 0.087 0.039 0.032 
30-Apr 0.540 0.133 0.144 0.149 0.108 0.076 0.123 0.055 0.071 0.127 0.103 0.093 0.136 0.078 0.105 
7-May 0.038 0.022 0.022 0.025 0.028 0.060 0.030 0.012 0.027 0.024 0.026 0.032 0.034 0.025 0.019 
14-May 0.061 0.041 0.046 0.049 0.052 0.059 0.075 0.025 0.054 0.042 0.050 0.059 0.062 0.039 0.043 
21-May 0.174 0.141 0.194 0.259 0.152 0.175 0.172 0.135 0.168 0.175 0.140 0.101 0.213 0.073 0.670 
28-May 0.028 0.017 0.016 0.016 0.018 0.035 0.038 0.015 0.020 0.025 0.017 0.027 0.031 0.024 0.013 
4-Jun 0.028 0.025 0.018 0.020 0.031 0.032 0.034 0.022 0.019 0.025 0.018 0.039 0.026 0.032 0.015 
11-Jun 0.042 0.034 0.037 0.029 0.030 0.049 0.054 0.029 0.037 0.045 0.036 0.041 0.038 0.037 0.029 
18-Jun . . . . . . . . . . . . . . . 
25-Jun 0.028 0.024 0.019 0.020 0.026 0.033 0.049 0.017 0.032 0.037 0.021 0.033 0.031 0.031 0.015 
2-Jul . . . . . . . . . . . . . . . 
9-Jul 0.028 0.029 0.027 0.026 0.024 0.035 0.042 0.020 0.028 0.031 0.020 0.035 0.036 0.034 0.024 
16-Jul 0.031 0.023 0.019 0.017 0.028 0.053 0.024 0.010 0.026 0.026 0.026 0.033 0.032 0.028 0.018 
23-Jul 0.097 0.182 0.155 0.357 0.212 0.125 0.132 0.133 0.147 0.217 0.185 0.093 0.122 0.145 0.135 
30-Jul 0.096 0.120 0.121 0.187 0.100 0.175 0.110 0.097 0.084 0.193 0.096 0.052 0.228 0.062 0.103 
6-Aug 0.111 0.123 0.170 0.167 0.096 0.125 0.115 0.084 0.099 0.062 0.096 0.040 0.137 0.057 0.054 
13-Aug 0.017 0.010 0.008 0.006 0.013 0.023 0.031 0.005 0.015 0.005 0.014 0.018 0.015 0.014 0.007 
20-Aug 0.014 0.014 0.008 0.006 0.018 0.023 0.031 0.003 0.014 0.013 0.012 0.019 0.013 0.016 0.007 
27-Aug 0.285 0.274 0.275 0.397 0.272 0.298 0.283 0.210 0.259 0.372 0.291 0.299 0.334 0.335 0.378 
3-Sep 0.022 0.016 0.016 0.014 0.020 0.024 0.040 0.010 0.020 0.018 0.020 0.023 0.019 0.023 0.013 
10-Sep 0.022 0.016 0.015 0.010 0.019 0.023 0.037 0.011 0.019 0.019 0.017 0.022 0.014 0.022 0.015 
17-Sep . . . . . . . . . . . . . . . 
24-Sep 0.142 0.167 0.135 0.227 0.153 0.152 0.142 . 0.116 0.144 0.107 . 0.337 0.082 0.052 
2-Oct 0.021 0.013 0.017 0.019 0.019 0.022 0.012 0.011 0.010 . 0.016 0.024 0.021 0.021 . 
8-Oct 0.297 0.274 0.256 0.474 0.236 0.239 0.249 . 0.383 0.387 0.147 0.130 0.263 0.285 1.464 
15-Oct . . . . . . . . . . . . . . . 
22-Oct 0.117 0.039 0.057 0.007 0.117 0.133 0.187 0.080 0.382 0.248 0.091 0.033 0.143 0.144 0.122 
29-Oct . . . . . . . . . . . . . . . 
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2002 Meadow Brome/Birdsfoot Trefoil Phosphorus gls means (60 cm)
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Figure D33:  2002 Meadow Brome/Birdsfoot Trefoil (MB/BFT) phosphorus gls means (gls 1 = 
MB/BFT and soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
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Figure D34:  2002 Meadow Brome/White Clover (MB/WC) phosphorus gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
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Figure D35:  2002 Orchardgrass/Birdsfoot Trefoil (OG/BFT) phosphorus gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 60 cm. 
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Figure D36:  2002 Orchardgrass/White Clover (OG/WC) phosphorus gls means (gls 7 = OG/WC 
and soil type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
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Figure D37:  2002 Tall Fescue/Birdsfoot Trefoil (TF/BFT) phosphorus gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D38:  2002 Tall Fescue/White Clover (TF/WC) phosphorus gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 60 cm 
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2002 Perennial Ryegrass/Birdsfoot Trefoil Phosphorus gls Means (60 cm)
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Figure D39:  2002 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D40:  2002 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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Figure D41:  2002 Brome/Birdsfoot Trefoil (MB/BFT) phosphorus gls means (gls 1 = MB/BFT and 
soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D42:  2002 Meadow Brome/White Clover (MB/WC) phosphorus gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
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Figure D43:  2002 Orchardgrass/Birdsfoot Trefoil (OG/BFT) phosphorus gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D44:  2002 Orchardgrass/White Clover (OG/WC) phosphorus gls means (gls 7 = OG/WC 
and soil type 1 and gls8 = OG/WC and soil type 2) at 90 cm. 
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Figure D45:  2002 Tall Fescue/Birdsfoot Trefoil (TF/BFT) phosphorus gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 90 cm. 
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Figure D46:  2002 Tall Fescue/White Clover (TF/WC) phosphorus gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 90 cm 
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2002 Perennial Ryegrass/Birdsfoot Trefoil Phosphorus gls Means (90 cm)
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Figure D47:  2002 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
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Figure D48:  2002 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm.
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Table D7:  2003 phosphorus (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1soil type 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
27-Mar 0.052 0.009 0.008 0.016 0.013 0.047 0.021 0.021 0.013 0.012 0.009 0.010 0.018 0.027 0.024 
10-Apr 0.005 0.019 0.001 0.000 0.025 0.010 0.007 0.000 0.000 0.000 0.006 0.000 0.010 0.000 0.000 
17-Apr 0.027 0.008 0.002 0.101 0.024 0.036 0.029 0.011 0.021 0.006 0.025 0.011 0.058 0.087 0.004 
24-Apr 0.034 0.021 0.014 0.018 0.033 0.027 0.027 0.017 0.019 0.018 0.024 0.027 0.038 0.036 0.011 
1-May 0.024 0.017 0.016 0.017 0.033 0.031 0.024 0.015 0.018 0.016 0.013 0.017 0.039 0.034 0.010 
8-May 0.075 0.041 0.019 0.034 0.076 0.071 0.050 0.157 0.051 0.057 2.023 0.051 1.312 0.083 . 
15-May 0.231 0.000 0.000 0.000 0.005 0.083 0.008 0.020 0.028 0.000 0.000 0.007 0.036 0.375 0.000 
22-May 0.027 0.009 0.004 0.008 0.005 0.009 0.000 0.025 0.013 0.033 . 0.010 0.040 0.054 . 
29-May 0.017 0.025 0.014 0.009 0.017 0.017 0.016 0.023 0.016 0.011 0.009 0.007 0.043 0.011 . 
3-Jun 0.015 . 0.006 0.003 0.034 0.046 0.167 0.000 0.011 0.003 0.001 0.000 0.038 0.008 . 
10-Jun 0.021 . 0.018 0.024 0.033 0.022 0.046 . 0.020 0.017 0.021 . 0.041 0.017 . 
17-Jun 0.016 . 0.008 0.014 0.033 0.017 0.020 0.011 0.021 0.014 0.013 0.007 0.039 0.029 . 
24-Jun 0.023 0.026 0.026 0.018 0.027 0.036 0.035 0.022 0.037 0.036 0.019 0.020 0.048 0.050 . 
1-Jul 0.025 0.008 0.015 0.010 0.009 0.035 0.009 0.017 0.032 0.089 0.006 . 0.052 0.090 . 
8-Jul 0.028 0.015 0.003 0.006 0.041 0.028 0.255 0.009 0.030 0.026 0.007 0.007 0.024 0.039 0.010 
15-Jul 0.231 0.081 0.069 0.038 0.089 0.130 0.484 0.052 0.051 0.067 0.078 0.035 0.076 0.099 0.064 
22-Jul 0.063 0.011 0.016 0.013 0.041 0.068 0.013 0.032 0.022 . 0.039 0.014 0.021 0.058 0.010 
29-Jul 0.385 0.097 0.021 0.058 0.074 0.177 2.199 0.052 0.040 0.018 0.015 0.124 0.045 0.160 0.018 
5-Aug 0.285 0.087 0.050 0.066 0.094 0.187 0.996 0.083 0.070 0.073 0.083 0.067 0.129 0.211 0.068 
12-Aug 0.103 1.200 0.015 0.020 0.022 0.071 0.560 0.062 0.244 0.364 0.059 0.154 0.162 0.103 0.051 
19-Aug 0.063 0.028 0.016 0.010 0.024 0.036 0.288 0.015 0.015 0.012 0.014 0.009 0.053 0.055 0.012 
26-Aug 0.048 0.009 0.005 0.009 0.027 0.051 0.087 0.014 0.016 0.026 0.008 0.022 0.063 0.063 0.005 
2-Sep 0.395 0.031 0.025 0.026 0.030 0.022 0.093 0.018 0.017 0.019 0.028 0.011 0.036 0.052 0.019 
16-Sep 0.022 0.000 0.000 0.000 0.005 0.002 0.020 0.000 0.097 0.005 0.042 0.000 0.089 0.026 0.000 
23-Sep 0.024 0.003 0.009 0.003 0.012 0.023 0.036 . 0.013 . 0.002 0.002 0.040 0.049 . 
30-Sep 0.059 0.002 0.000 0.000 0.014 0.058 0.391 0.021 0.003 . 0.000 0.000 0.086 0.081 0.000 
7-Oct 0.074 0.138 0.027 0.004 0.012 0.015 0.000 . 0.004 . . 0.003 0.034 0.098 0.001 
14-Oct 0.033 . 0.016 0.022 0.021 0.021 . . 0.014 . 0.008 0.013 0.012 0.008 . 
21-Oct 0.024 0.026 0.007 . 0.014 0.008 . . 0.009 . 0.026 0.004 0.010 0.010 0.010 
28-Oct 0.028 . 0.012 0.011 0.018 0.018 . . 0.012 . 0.008 . 0.018 0.050 . 
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Table D8:  2003 phosphorus (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1soil type 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
27-Mar 0.042 0.015 0.029 0.353 0.062 0.045 0.048 0.015 0.034 0.053 0.041 0.013 0.112 0.023 0.014 
10-Apr 0.016 0.005 0.001 0.004 0.012 0.292 0.010 0.007 0.017 0.040 0.021 0.000 0.024 0.005 . 
17-Apr 0.118 0.024 0.014 0.008 0.039 0.024 0.126 0.018 0.031 0.059 0.034 0.021 0.040 0.274 0.001 
24-Apr 0.033 0.032 0.028 0.025 0.038 0.064 0.066 0.021 0.040 0.036 0.044 0.037 0.042 0.029 0.021 
1-May 0.045 0.038 0.030 0.028 0.035 0.038 0.038 0.032 0.045 0.043 0.033 0.034 0.042 0.049 0.025 
8-May 0.034 0.060 0.025 0.027 0.088 0.073 0.093 0.044 0.054 0.081 0.078 0.071 0.100 0.079 . 
15-May 0.072 0.000 0.019 0.007 0.041 0.045 0.055 0.012 0.023 0.036 0.017 0.007 0.054 0.030 0.000 
22-May 0.014 0.015 0.008 0.003 0.009 0.028 0.011 . 0.018 0.039 0.015 0.013 0.032 0.007 0.014 
29-May 0.038 0.036 0.016 0.031 0.026 0.025 0.041 0.021 0.048 0.044 0.019 0.035 0.039 0.029 . 
3-Jun 0.208 0.047 0.043 0.017 0.046 0.061 0.219 0.032 0.048 0.082 0.034 0.006 0.064 0.308 0.006 
10-Jun 0.129 0.036 0.022 0.048 0.031 0.077 0.079 0.034 0.035 0.057 0.420 0.032 0.198 0.056 0.012 
17-Jun 0.037 0.034 0.034 0.024 0.031 0.051 0.141 0.019 0.034 0.045 0.027 0.015 0.037 0.029 0.009 
24-Jun 0.044 0.034 0.023 0.023 0.026 0.028 0.034 0.031 0.039 0.013 0.037 0.022 0.049 0.038 0.017 
1-Jul 0.079 0.047 0.030 0.016 0.044 0.049 0.093 0.015 0.044 . 0.033 0.015 0.069 0.047 0.012 
8-Jul 0.036 0.012 0.016 0.006 0.016 0.020 0.016 0.005 0.008 0.186 0.014 0.086 0.025 0.034 0.003 
15-Jul 0.061 0.039 0.027 0.049 0.052 0.237 0.856 0.033 0.044 0.023 0.023 0.021 0.101 0.068 0.044 
22-Jul 0.129 0.072 0.033 0.042 0.065 0.111 0.013 0.026 0.037 0.044 0.042 0.027 0.043 0.066 0.029 
29-Jul 0.077 0.085 0.067 0.811 2.400 0.209 0.406 0.083 0.106 0.115 0.163 0.089 0.218 0.146 0.023 
5-Aug 0.132 0.100 0.079 0.670 0.509 0.115 0.278 0.079 0.106 0.258 0.088 0.188 0.245 0.133 0.056 
12-Aug 0.079 0.024 0.044 0.401 0.083 0.066 0.086 0.039 0.030 0.041 0.019 0.053 0.050 0.034 0.023 
19-Aug 0.035 0.022 0.029 0.034 0.540 0.021 0.049 0.023 0.169 0.041 0.009 0.012 0.059 0.028 0.041 
26-Aug 0.061 0.021 0.016 0.029 0.430 0.055 0.071 0.015 0.040 0.039 0.031 0.022 0.036 0.041 0.012 
2-Sep 0.045 0.044 0.026 0.279 0.073 0.061 0.113 0.050 0.062 0.080 0.035 0.057 0.065 0.055 0.018 
16-Sep 0.024 0.015 0.020 0.030 0.354 0.011 0.038 0.005 0.026 0.023 0.030 0.003 0.039 0.015 0.018 
23-Sep 0.090 0.015 0.013 0.013 0.160 0.014 0.068 0.014 0.017 0.040 0.054 0.016 0.049 0.023 0.043 
30-Sep 0.319 0.018 0.019 0.143 0.296 0.000 0.003 0.012 0.023 0.049 0.031 . 0.046 0.029 0.000 
7-Oct 0.516 0.028 0.030 0.004 0.187 0.026 0.060 0.003 0.034 0.149 0.045 0.031 0.076 0.045 0.000 
14-Oct 0.033 . 0.016 0.022 0.021 0.021 . . 0.014 . 0.008 0.013 0.012 0.008 . 
21-Oct 0.352 0.032 0.423 0.027 0.023 0.074 0.060 0.033 0.034 0.024 0.043 . 0.064 0.071 0.023 
28-Oct 0.140 0.027 0.036 0.031 0.064 0.049 0.100 0.028 0.036 0.048 0.033 0.024 0.570 0.032 0.026 
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Figure D49:  2003 Meadow Brome/Birdsfoot Trefoil (MB/BFT) phosphorus gls means (gls 1 = 
MB/BFT and soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
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Figure D50:  2003 Meadow Brome/White Clover (MB/WC) phosphorus gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
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Figure D51:  2003 Orchardgrass/Birdsfoot Trefoil (OG/BFT) phosphorus gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 60 cm. 
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Figure D52:  2003 Orchardgrass/White Clover (OG/WC) phosphorus gls means (gls 7 = OG/WC 
and soil type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
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Figure D53:  2003 Tall Fescue/Birdsfoot Trefoil (TF/BFT) phosphorus gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D54:  2003 Tall Fescue/White Clover (TF/WC) phosphorus gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 60 cm 
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Figure D55:  2003 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D56:  2003 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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Figure D57:  2003 Meadow Brome/Birdsfoot Trefoil (MB/BFT) phosphorus gls means (gls 1 = 
MB/BFT and soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D58:  2003 Meadow Brome/White Clover (MB/WC) phosphorus gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
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Figure D59:  2003 Orchardgrass/Birdsfoot Trefoil (OG/BFT) phosphorus gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D60:  2003 Orchardgrass/White Clover (OG/WC) phosphorus gls means (gls 7 = OG/WC 
and soil type 1 and gls8 = OG/WC and soil type 2) at 90 cm. 
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Figure D61:  2003 Tall Fescue/Birdsfoot Trefoil (TF/BFT) phosphorus gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 90 cm. 
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Figure D62:  2003 Tall Fescue/White Clover (TF/WC) phosphorus gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 90 cm 
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Figure D63:  2003 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
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Figure D64:  2003 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm.
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Table D9:  Three-year nitrate (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
Week gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8  gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
1 9.43 2.81 4.36 4.27 4.10 7.26 4.85 4.66 6.28 4.93 8.76 4.50 4.91 4.36 4.49 
2 6.27 2.09 40.88 2.60 11.74 19.07 8.52 1.16 7.55 13.53 38.49 1.48 44.68 2.24 2.27 
3 137.10 301.61 246.09 33.19 54.94 201.27 12.93 242.26 115.73 29.84 166.76 21.03 111.52 73.22 181.89 
4 136.49 335.24 270.35 42.91 58.72 197.04 15.38 236.27 169.67 21.26 182.32 25.50 112.33 82.45 149.64 
5 36.75 262.50 172.06 31.69 45.67 182.89 13.96 193.97 107.52 15.90 160.61 27.23 86.31 75.26 177.43 
6 84.09 49.73 65.54 80.11 261.73 148.23 56.33 93.37 79.80 8.45 147.90 21.80 50.88 117.82 52.59 
7 65.96 34.98 135.43 70.30 67.28 1273.48 15.01 127.80 14.22 8.79 14.40 21.68 20.56 62.83 213.05 
8 75.58 30.12 147.78 38.52 126.79 245.79 23.10 257.87 43.62 6.88 11.32 18.82 13.48 119.36 227.10 
9 61.85 2.19 78.80 46.53 60.86 160.52 22.43 135.48 5.83 1.95 1.81 14.17 92.61 25.05 7.86 
10 24.18 31.71 101.27 16.13 104.44 174.39 11.74 180.72 15.57 12.79 9.00 11.59 81.10 130.64 6.22 
11 15.07 22.57 38.60 10.46 20.90 215.69 19.83 7.41 16.67 14.44 15.75 11.78 8.43 71.97 55.01 
12 40.28 25.51 77.77 18.84 20.99 188.38 20.28 156.00 14.35 36.60 6.75 11.12 5.48 94.61 39.68 
13 1.96 7.23 45.16 12.97 19.73 146.94 18.19 20.23 10.36 25.16 5.67 4.45 7.56 28.48 1.24 
14 9.52 19.52 53.61 17.37 13.01 101.80 126.74 8.98 2.87 340.27 4.56 3.84 15.54 70.08 0.09 
15 55.52 224.31 19.17 47.94 10.41 120.74 70.26 97.62 22.00 341.82 20.46 3.24 10.89 47.81 1.73 
16 27.34 8.23 52.99 8.76 5.77 68.16 17.96 225.88 0.87 203.04 29.09 2.12 12.38 5.41 0.38 
17 60.60 124.20 174.24 5.18 55.70 64.82 12.71 47.28 3.18 82.49 32.27 2.53 8.65 23.03 204.87 
18 52.74 76.09 36.72 7.75 63.29 29.12 14.37 24.77 4.53 250.17 52.41 2.95 55.29 7.05 131.66 
19 33.59 30.12 248.34 28.33 52.04 197.14 16.86 39.86 1.56 118.05 9.74 2.31 41.26 7.02 185.37 
20 45.21 117.19 97.21 20.84 43.18 66.81 20.10 42.75 3.17 35.61 41.66 2.81 41.87 19.00 111.76 
21 48.46 1.30 10.32 8.29 15.97 44.93 9.98 49.76 2.53 105.78 3.73 1.80 48.42 4.05 16.73 
22 61.02 20.23 47.27 130.08 51.58 74.56 24.64 94.87 58.17 112.01 74.35 2.05 43.07 25.67 252.09 
23 35.06 13.64 139.97 55.20 32.57 54.09 12.48 60.08 54.36 6.22 115.03 1.94 37.35 54.39 264.38 
24 31.27 13.60 197.11 191.00 17.36 35.93 45.02 59.30 66.87 16.17 136.45 2.36 15.83 17.88 115.65 
25 47.73 24.12 275.44 . 27.08 59.13 16.77 57.67 52.00 6.78 157.57 2.13 10.97 25.77 184.32 
26 39.88 2.70 171.87 20.20 11.78 67.23 4.14 27.38 20.94 3.64 3.95 0.76 22.86 17.61 109.80 
27 51.29 2.14 9.51 4.26 10.39 55.58 7.52 4.21 11.65 7.57 39.07 1.05 34.20 9.36 1.05 
28 57.35 25.20 209.56 17.94 21.45 39.42 12.91 14.83 192.25 3.39 151.50 1.58 25.81 18.18 249.53 
29 35.88 . 1.39 1.84 6.37 21.63 . 2.43 14.96 1.67 . 2.40 2.31 2.52 1.70 
30 38.03 3.07 73.37 19.30 17.97 54.47 14.32 20.33 40.81 8.06 104.07 3.40 4.00 19.03 3.98 
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Table D10:  Three-year nitrate (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8  gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
1 4.89 4.62 5.46 6.56 5.59 6.67 5.93 4.22 4.68 5.68 5.41 5.26 11.85 5.92 0.44 
2 2.16 2.55 1.89 10.63 63.40 64.65 67.79 3.36 7.77 13.57 2.29 19.23 33.51 13.59 8.55 
3 100.56 19.02 35.40 102.08 701.40 76.21 150.19 3.63 19.25 9.62 20.73 400.87 36.30 82.75 40.93 
4 107.08 17.32 33.84 88.12 667.89 80.99 169.00 3.65 22.47 6.84 22.50 752.85 45.35 94.83 48.01 
5 76.10 9.95 38.81 93.74 680.81 69.85 77.45 2.57 25.05 4.59 30.86 681.06 36.18 74.18 45.13 
6 40.65 14.53 28.05 93.04 154.06 62.01 110.64 4.73 14.10 2.72 23.61 410.96 25.55 150.84 13.87 
7 18.59 11.01 26.41 189.31 24.68 76.53 98.24 6.30 46.36 2.51 41.47 521.00 35.66 55.72 32.45 
8 52.63 13.09 27.11 106.61 172.21 69.30 84.97 6.56 13.01 2.66 21.84 294.66 29.98 72.07 36.73 
9 81.46 11.12 24.88 67.15 653.11 70.17 135.64 7.37 13.23 2.18 32.91 579.26 30.23 47.81 20.72 
10 41.01 10.11 17.93 141.52 21.47 58.22 79.50 4.49 18.03 2.14 191.54 301.86 33.53 58.58 23.70 
11 166.08 10.37 20.56 98.52 115.59 57.23 60.18 4.09 5.76 3.79 21.99 136.50 18.73 19.24 31.77 
12 31.46 14.14 30.09 18.77 114.81 48.63 83.62 46.02 21.39 9.97 19.04 138.25 64.16 55.99 25.76 
13 159.34 5.64 20.30 223.37 934.11 57.17 64.72 4.78 7.09 1.59 2.25 105.74 25.33 53.54 40.93 
14 93.52 10.24 23.57 23.61 44.20 64.56 22.57 4.83 7.79 1.65 3.31 260.89 32.29 48.07 33.63 
15 42.94 8.96 22.09 18.53 602.38 32.36 77.21 8.34 14.04 62.89 24.59 221.74 50.01 64.60 27.43 
16 25.27 14.25 28.85 138.54 288.39 29.59 66.73 8.16 15.18 2.50 4.92 195.13 10.33 38.16 37.83 
17 9.71 36.50 18.86 31.23 433.27 51.63 39.86 3.72 44.49 103.22 35.48 176.49 4.89 28.13 22.21 
18 36.04 6.57 111.50 29.75 159.65 68.04 114.18 4.60 38.24 1.61 1.97 275.60 15.37 51.28 31.93 
19 15.23 6.65 8.60 131.61 40.88 62.74 264.78 3.29 50.93 0.65 1.10 130.27 14.17 27.96 29.14 
20 16.40 4.19 63.14 20.52 194.52 57.23 36.98 4.36 50.67 0.45 1.25 105.39 11.73 59.28 21.68 
21 11.51 3.77 5.82 16.86 5.96 32.86 61.10 1.66 3.00 1.71 1.47 67.67 12.55 7.63 14.75 
22 49.13 4.83 17.61 23.60 167.37 55.84 78.81 1.52 48.62 1.23 1.41 122.49 13.40 45.00 31.13 
23 58.56 6.20 18.72 18.65 192.73 56.24 81.98 4.71 57.60 1.78 1.80 157.84 13.15 50.78 24.63 
24 20.49 2.48 15.61 14.91 271.03 35.34 76.12 16.41 69.64 2.16 2.97 197.85 12.60 41.60 32.00 
25 133.13 4.00 14.71 22.99 368.49 60.95 116.07 0.01 99.82 0.09 0.51 253.02 3.96 51.63 24.63 
26 67.03 3.21 15.48 22.93 236.89 80.94 20.30 1.32 57.46 0.72 0.54 54.56 12.21 60.57 16.09 
27 2.29 3.54 4.45 17.18 7.31 41.21 51.61 10.23 14.55 1.43 1.98 61.43 9.88 52.94 21.72 
28 45.63 4.39 23.12 23.07 192.97 61.79 228.75 2.58 19.27 1.31 0.93 154.78 12.91 45.64 31.72 
29 3.63 8.12 6.21 14.49 2.54 65.83 81.82 10.87 7.69 9.00 0.10 81.04 10.45 8.26 8.46 
30 45.91 81.35 15.04 26.24 169.85 69.82 129.80 2.76 44.12 2.96 2.72 25.29 6.38 16.46 19.09 
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Figure D65:  Weekly Meadow Brome/Birdsfoot Trefoil (MB/BFT) nitrate gls means (gls 1 = 
MB/BFT and soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
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Figure D66:  Weekly Meadow Brome/White Clover (MB/WC) nitrate gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
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Figure D67:  Weekly Orchardgrass/Birdsfoot Trefoil (OG/BFT) nitrate gls means (gls 5 = OG/BFT 
and soil type 1 and gls 6 = OG/BFT and soil type 2) at 60 cm. 
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Figure D68:  Weekly Orchardgrass/White Clover (OG/WC) nitrate gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
  
230
3 yr Tall Fescue/Birdsfoot Trefoil Nitrate gls Means (60 cm)
0
100
200
300
400
500
600
700
0 5 10 15 20 25 30 35
week
m
g 
N
O
3-
N
/L
gls 9
gls 10
 
Figure D69:  Weekly Tall Fescue/Birdsfoot Trefoil (TF/BFT) nitrate gls means (gls 9 = TF/BFT and 
soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D70:  Weekly Tall Fescue/White Clover (TF/WC) nitrate gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 60 cm. 
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Figure D71:  Weekly Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) nitrate gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D72:  Weekly Perennial Ryegrass/White Clover (PRG/WC) nitrate gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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Figure D73:  Weekly Meadow Brome/Birdsfoot Trefoil (MB/BFT) nitrate gls means (gls 1 = 
MB/BFT and soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D74:  Weekly Meadow Brome/White Clover (MB/WC) nitrate gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
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Figure D75:  Weekly Orchardgrass/Birdsfoot Trefoil (OG/BFT) nitrate gls means (gls 5 = OG/BFT 
and soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D76:  Weekly Orchardgrass/White Clover (OG/WC) nitrate gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 90 cm. 
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Figure D77:  Weekly Tall Fescue/Birdsfoot Trefoil (TF/BFT) nitrate gls means (gls 9 = TF/BFT and 
soil type 1 and gls 10 = TF/BFT and soil type 2) at 90 cm. 
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Figure D78:  Weekly Tall Fescue/White Clover (TF/WC) nitrate gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 90 cm. 
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3 yr Perennial Ryegrass/Birdsfoot Trefoil Nitrate gls Means (90 cm)
0
100
200
300
400
500
600
700
800
900
1000
0 5 10 15 20 25 30 35
week
m
g 
N
O
3-
N
/L
gls 13
gls 14
 
Figure D79:  Weekly Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) nitrate gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
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Figure D80:  Weekly Perennial Ryegrass/White Clover (PRG/WC) nitrate gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm.
  
236
Table D11:  2001 nitrate (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 9&10 
= TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8  gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
14-May 3.28 1.38 6.25 21.06 27.98 36.12 35.78 14.51 1.74 5.62 4.86 5.92 4.15 14.80 7.32 
21-May 4.19 1.30 5.16 10.61 . 70.07 20.74 10.11 5.25 10.95 4.75 5.15 4.44 14.56 . 
29-May 3.97 1.70 1.90 20.97 . 58.85 35.39 9.47 4.45 7.74 2.23 4.19 2.78 11.96 . 
4-Jun 7.63 2.02 6.21 28.59 12.16 65.23 41.89 9.71 3.63 5.85 2.03 3.07 3.25 14.28 3.57 
11-Jun 4.61 1.21 7.16 6.64 12.26 27.01 3.92 3.76 0.98 34.83 1.11 1.37 2.22 3.66 1.26 
18-Jun 1.42 1.07 6.57 16.99 15.52 70.04 28.63 13.87 1.25 4.78 2.45 1.81 1.34 5.31 0.49 
25-Jun 1.38 0.74 14.49 17.07 11.19 110.86 32.01 4.29 1.06 6.75 2.58 2.69 1.47 2.93 0.06 
2-Jul 0.87 0.50 5.01 11.69 5.52 57.58 19.79 2.22 0.32 3.62 1.39 0.36 0.50 1.32 0.09 
10-Jul 1.08 0.26 4.12 9.02 9.92 49.83 22.11 2.48 0.19 5.46 1.45 0.20 0.47 2.09 0.09 
17-Jul 1.87 0.89 11.62 12.09 14.00 47.27 24.67 4.51 0.33 3.55 1.78 0.32 0.63 2.81 0.12 
23-Jul 3.68 0.97 3.75 13.78 14.84 48.24 29.58 3.91 0.54 . 2.05 0.33 1.84 3.20 0.09 
30-Jul 2.77 0.67 16.18 8.64 11.19 27.28 13.53 1.66 0.18 . 1.22 1.21 1.31 3.90 0.12 
6-Aug 1.98 2.13 . 15.82 0.05 17.55 18.73 9.96 3.88 . 7.22 3.14 18.76 6.53 . 
13-Aug 0.98 1.90 20.43 19.22 22.11 35.87 20.54 4.16 1.40 . 1.86 4.86 24.36 8.74 1.15 
20-Aug 0.90 2.65 19.41 21.17 18.06 81.39 16.00 1.24 0.98 10.08 1.90 4.76 45.44 7.89 1.25 
27-Aug 0.48 3.91 19.25 15.36 23.44 62.89 19.21 0.49 4.57 8.99 1.85 3.61 32.13 6.66 1.23 
4-Sep 5.41 3.72 8.33 13.49 19.64 54.64 19.12 0.35 7.03 12.41 2.03 2.50 7.70 5.62 . 
10-Sep 6.19 3.05 4.68 12.35 18.76 62.64 5.38 0.35 26.18 14.50 0.29 1.43 4.48 7.04 . 
17-Sep 12.10 2.57 5.78 7.16 15.37 56.23 42.63 0.22 24.20 13.25 9.95 3.72 3.71 20.13 1.44 
24-Sep 18.04 2.19 3.97 16.02 14.30 85.84 11.10 0.13 36.07 12.06 4.25 2.34 3.40 20.06 1.79 
1-Oct 14.84 1.64 3.14 8.73 13.76 81.93 0.03 0.03 17.23 10.76 6.48 1.53 3.81 16.51 . 
9-Oct 14.80 1.76 4.77 7.20 13.31 85.83 10.64 0.09 21.77 7.57 4.20 0.48 24.74 15.31 0.90 
15-Oct 12.34 1.64 2.98 6.43 14.68 41.64 11.80 11.78 16.74 9.84 2.64 0.75 25.99 8.84 . 
29-Oct 10.70 1.68 3.61 6.07 15.08 75.66 12.85 34.53 13.09 11.58 2.52 0.52 2.82 9.80 . 
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Table D12:  2001 nitrate (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 9&10 
= TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8  gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
14-May 8.68 6.82 4.96 20.64 10.34 29.36 11.99 9.24 5.27 1.18 6.59 . 1.38 15.75 2.14 
21-May 12.93 7.35 5.63 29.17 . 52.94 10.81 15.01 8.07 2.69 8.73 5.12 0.91 15.83 0.81 
29-May 13.87 8.38 6.21 29.85 12.48 42.93 12.78 14.88 8.58 3.73 11.54 5.14 0.74 15.87 0.66 
4-Jun 15.14 9.37 2.19 20.50 1.75 43.33 11.08 15.30 13.34 4.53 12.63 4.30 0.94 13.22 0.56 
11-Jun 5.86 5.46 3.54 18.01 8.96 17.58 7.18 9.06 6.86 2.84 6.39 2.27 0.75 7.16 0.40 
18-Jun 9.37 5.89 6.57 37.92 12.78 29.47 13.35 . 6.56 3.91 9.51 2.66 1.39 10.79 0.63 
25-Jun 8.15 5.92 6.38 37.46 13.76 30.22 13.58 13.72 6.39 2.76 8.83 2.80 1.29 8.66 0.49 
2-Jul 4.38 3.79 2.72 23.41 9.07 17.56 8.87 8.74 3.44 1.09 4.83 1.30 0.78 6.62 0.28 
10-Jul 4.62 2.90 4.11 24.85 9.66 25.43 9.34 8.24 4.84 1.37 5.35 1.56 0.89 6.59 0.08 
17-Jul 7.23 5.01 5.48 28.44 10.02 34.98 12.89 11.21 6.73 1.19 6.13 2.61 0.78 9.43 . 
23-Jul 7.84 5.07 15.21 31.01 9.56 35.50 15.19 11.02 6.82 2.82 6.93 2.79 1.87 10.87 0.16 
30-Jul 5.79 4.41 3.23 16.54 4.56 16.02 8.43 4.13 2.40 . 3.86 2.65 0.78 6.85 0.18 
6-Aug 7.85 6.89 3.79 25.23 14.52 55.09 11.92 7.48 5.87 2.02 2.12 4.77 0.80 8.52 0.32 
13-Aug 8.24 6.90 4.35 26.29 10.38 28.07 13.19 4.77 5.91 2.02 2.85 5.44 1.37 9.69 0.23 
20-Aug 7.10 4.21 4.65 35.25 11.42 25.63 13.43 2.10 5.65 1.14 2.49 5.60 1.56 8.27 0.32 
27-Aug 7.23 5.24 4.29 25.07 11.74 25.54 12.25 1.94 4.69 0.38 1.72 5.38 1.56 7.58 0.44 
4-Sep 0.90 5.64 3.85 21.95 11.03 26.89 11.53 1.04 5.44 0.32 1.72 5.07 1.55 9.06 0.27 
10-Sep 0.64 4.56 7.75 15.69 13.68 19.15 20.15 10.53 4.93 0.11 3.05 4.34 1.63 5.00 0.30 
17-Sep 5.90 1.13 5.48 16.67 14.65 10.51 7.11 46.68 2.10 8.48 7.77 1.31 1.28 5.78 4.07 
24-Sep 2.13 3.35 2.96 19.93 13.43 26.06 11.51 0.03 5.42 0.03 1.21 3.86 1.73 16.59 0.28 
1-Oct 7.18 3.13 2.53 24.00 10.97 23.71 11.38 0.03 5.25 0.03 0.77 10.80 1.54 14.32 0.22 
9-Oct 1.93 2.60 2.50 21.76 12.08 24.86 11.02 0.10 5.39 0.20 0.89 19.62 1.62 17.05 0.51 
15-Oct 14.74 2.92 2.77 19.44 16.59 24.60 10.48 0.38 6.18 0.28 0.67 25.75 1.91 12.34 0.67 
29-Oct 11.25 3.52 4.10 58.24 24.91 86.80 12.58 0.09 7.13 0.24 0.79 31.69 2.65 11.45 0.59 
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Figure D81:  2001 Meadow Brome/Birdsfoot Trefoil (MB/BFT) nitrate gls means (gls 1 = MB/BFT 
and soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
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Figure D82:  2001 Meadow Brome/White Clover (MB/WC) nitrate gls means (gls 3 = MB/WC and 
soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
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Figure D83:  2001 Orchardgrass/Birdsfoot Trefoil (OG/BFT) nitrate gls means (gls 5 = OG/BFT and 
soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D84:  2001 Orchardgrass/White Clover (OG/WC) nitrate gls means (gls 7 = OG/WC and soil 
type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
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Figure D85:  2001 Tall Fescue/Birdsfoot Trefoil (TF/BFT) nitrate gls means (gls 9 = TF/BFT and 
soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D86:  2001 Tall Fescue/White Clover (TF/WC) nitrate gls means (gls 11 = TF/WC and soil 
type 1 and gls 12 = TF/WC and soil type 2) at 60 cm. 
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2001 Perennial Ryegrass/Birdsfoot Trefoil Nitrate gls Means (60 cm)
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Figure D87:  2001 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) nitrate gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D88:  2001 Perennial Ryegrass/White Clover (PRG/WC) nitrate gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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Figure D89:  2001 Meadow Brome/Birdsfoot Trefoil (MB/BFT) nitrate gls means (gls 1 = MB/BFT 
and soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D90:  2001 Meadow Brome/White Clover (MB/WC) nitrate gls means (gls 3 = MB/WC and 
soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
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Figure D91:  2001 Orchardgrass/Birdsfoot Trefoil (OG/BFT) nitrate gls means (gls 5 = OG/BFT and 
soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D92:  2001 Orchardgrass/White Clover (OG/WC) nitrate gls means (gls 7 = OG/WC and soil 
type 1 and gls8 = OG/WC and soil type 2) at 90 cm. 
  
244
2001 Tall Fescue/Birdsfoot Trefoil Nitrate gls Means (90 cm)
0
10
20
30
40
50
60
70
80
90
100
23-Apr 13-May 2-Jun 22-Jun 12-Jul 1-Aug 21-Aug 10-Sep 30-Sep 20-Oct 9-Nov
Date
m
g 
N
O
3-
N
/L
gls 9
gls 10
 
Figure D93:  2001 Tall Fescue/Birdsfoot Trefoil (TF/BFT) nitrate gls means (gls 9 = TF/BFT and 
soil type 1 and gls 10 = TF/BFT and soil type 2) at 90 cm. 
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Figure D94:  2001 Tall Fescue/White Clover (TF/WC) nitrate gls means (gls 11 = TF/WC and soil 
type 1 and gls 12 = TF/WC and soil type 2) at 90 cm. 
  
245
2001 Perennial Ryegrass/Birdsfoot Trefoil Nitrate gls Means (90 cm)
0
10
20
30
40
50
60
70
80
90
100
23-Apr 13-May 2-Jun 22-Jun 12-Jul 1-Aug 21-Aug 10-Sep 30-Sep 20-Oct 9-Nov
Date
m
g 
N
O
3-
N
/L
gls 13
gls 14
 
Figure D95:  2001 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) nitrate gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
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Figure D96:  2001 Perennial Ryegrass/White Clover (PRG/WC) nitrate gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm
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Table D13:  2002 nitrate (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 9&10 
= TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8  gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
23-Apr 58.69 62.23 116.89 24.36 98.19 380.07 17.75 471.55 15.43 71.02 30.43 32.55 175.06 137.72 107.68 
30-Apr 38.04 71.18 118.11 27.14 101.83 373.45 22.36 462.24 14.55 53.52 28.69 39.29 164.38 130.58 85.03 
7-May 25.61 61.55 51.82 23.96 79.63 350.37 20.28 381.46 21.40 42.50 129.06 51.62 128.31 144.75 218.57 
14-May 18.03 73.90 105.09 175.03 744.43 395.82 125.69 261.72 15.37 26.02 25.63 58.36 98.25 333.60 97.87 
21-May 16.76 69.31 107.81 160.30 121.89 2502.30 20.42 371.08 16.97 15.40 . 59.87 22.82 170.31 294.80 
28-May 21.94 59.01 219.63 44.74 237.27 664.84 21.20 758.85 13.84 11.90 20.42 51.21 10.61 340.52 280.16 
4-Jun 4.47 3.20 . 104.50 153.17 404.74 19.61 393.84 8.41 . 1.49 39.44 174.13 85.72 12.14 
11-Jun 18.25 46.96 219.05 6.18 284.81 485.61 22.30 534.81 23.50 13.24 16.89 31.05 225.87 341.41 11.18 
18-Jun 14.23 44.08 86.02 9.35 31.50 565.56 24.04 0.94 3.89 0.87 20.92 21.76 10.37 184.37 109.53 
25-Jun 10.79 44.19 208.48 8.50 37.83 435.88 28.05 346.00 1.06 4.42 12.27 19.68 12.04 270.07 116.14 
2-Jul 5.13 13.97 71.73 9.35 30.29 360.34 28.20 55.46 1.44 2.39 11.83 12.97 8.99 78.83 2.40 
9-Jul 8.84 48.54 75.74 6.66 14.31 388.42 10.01 23.46 5.47 2.47 9.00 10.87 52.44 205.62 . 
16-Jul 44.28 4.08 14.56 109.00 14.77 304.99 180.69 . 9.05 1.31 42.01 8.33 30.28 138.94 1.53 
23-Jul 20.64 18.30 154.36 10.60 0.00 131.56 23.52 1.00 1.74 0.96 31.84 4.79 40.03 12.03 . 
30-Jul 77.46 14.38 427.39 6.83 145.14 135.70 24.27 1.00 1.22 1.17 35.97 4.49 20.73 57.40 613.22 
6-Aug 15.11 8.06 69.94 9.72 178.35 35.77 23.45 1.73 0.92 0.00 98.75 2.76 8.76 11.06 209.79 
13-Aug 11.70 9.40 609.30 61.57 121.62 529.06 30.03 1.13 2.43 0.44 7.83 2.06 8.53 11.49 507.43 
20-Aug 45.37 8.53 227.73 40.48 98.91 90.96 33.45 57.47 8.35 0.97 80.85 2.18 19.52 48.52 224.41 
27-Aug 68.55 1.73 128.36 374.42 124.40 196.72 42.04 160.29 164.06 1.00 192.17 2.47 4.02 66.43 465.82 
3-Sep 87.36 2.03 342.21 151.68 67.85 81.97 26.99 70.89 25.17 . 265.24 2.43 18.14 101.73 264.38 
10-Sep 80.47 29.60 575.31 454.05 30.85 51.57 17.37 110.71 146.22 0.15 300.55 2.59 10.97 34.91 311.27 
17-Sep 120.98 35.18 818.43 55.86 52.53 66.09 25.84 84.86 95.25 . 414.13 2.56 18.89 40.31 523.38 
24-Sep 169.57 3.50 452.39 51.40 . 49.22 16.52 25.94 43.89 0.15 0.15 . 13.18 32.68 . 
2-Oct 74.66 54.42 620.11 46.05 41.61 46.88 25.69 17.88 559.41 0.00 300.35 2.88 14.02 29.56 423.86 
29-Oct 88.36 2.78 351.60 46.00 32.74 50.19 17.25 6.14 93.74 . 205.61 3.58 4.85 36.88 . 
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Table D14:  2002 nitrate (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 9&10 
= TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8  gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
23-Apr 117.42 33.40 31.84 180.94 1350.25 73.92 76.26 2.77 23.94 2.57 34.45 738.62 18.01 104.00 26.58 
30-Apr 135.60 30.03 36.09 139.96 1268.85 72.61 81.89 2.47 21.92 1.80 36.65 769.23 16.13 121.41 27.71 
7-May 127.14 14.72 37.88 142.00 1350.34 67.98 92.22 1.98 21.55 1.03 40.84 756.23 16.86 100.29 30.93 
14-May 82.46 23.65 43.49 234.46 398.09 87.16 108.35 2.34 23.56 0.97 47.78 340.91 20.27 269.46 37.97 
21-May 15.90 20.18 38.55 461.32 1.38 91.06 62.16 1.88 122.80 0.34 101.47 979.59 48.37 102.59 38.05 
28-May 119.74 17.81 34.83 263.12 344.27 82.45 106.04 1.30 23.16 1.00 45.50 302.20 16.23 153.31 36.27 
4-Jun 236.97 17.48 35.68 140.05 1893.54 84.63 148.12 2.17 26.07 0.11 78.19 1129.58 15.87 87.30 40.87 
11-Jun 116.06 18.31 37.07 355.57 2.54 85.69 68.03 0.97 39.15 1.14 503.08 737.80 48.65 147.51 44.70 
18-Jun 479.50 19.64 37.02 247.19 289.35 81.93 102.79 5.00 9.11 6.00 60.72 240.33 17.98 35.48 47.56 
25-Jun 18.08 29.90 35.06 2.59 286.95 63.87 40.12 121.11 55.36 32.94 41.43 95.70 142.66 142.23 14.97 
2-Jul 551.27 5.05 37.45 839.32 2734.31 95.12 103.50 1.10 16.94 0.96 0.62 223.99 23.08 135.23 52.25 
9-Jul 205.88 27.18 64.29 16.34 122.58 164.24 . 3.55 20.40 1.03 2.82 380.34 69.75 124.67 100.46 
16-Jul 34.02 14.35 47.49 11.97 1593.54 12.64 41.45 10.95 43.90 246.73 23.10 233.99 105.93 172.43 1.81 
23-Jul 1.58 13.04 30.82 370.87 732.51 14.96 40.58 12.49 30.25 1.38 2.45 412.26 13.48 93.26 58.22 
30-Jul 16.80 8.56 25.53 58.87 861.98 137.06 69.45 6.05 131.06 0.62 79.93 453.09 1.00 69.30 61.39 
6-Aug 54.88 7.34 320.35 51.32 463.84 105.51 88.40 2.73 107.62 0.72 1.77 477.89 12.23 135.37 58.41 
13-Aug 10.57 10.60 14.73 358.10 71.38 127.25 644.21 5.09 146.87 0.44 0.67 236.26 14.62 68.41 59.40 
20-Aug 41.31 8.09 183.84 29.89 563.46 89.47 85.25 10.99 146.36 0.66 1.19 301.57 11.70 169.39 53.24 
27-Aug 107.81 7.82 39.43 38.85 394.75 103.96 97.05 1.25 138.52 1.00 1.29 179.62 11.96 96.33 56.33 
3-Sep 138.75 10.39 39.30 31.37 524.47 91.27 100.25 0.56 164.70 1.00 0.93 289.19 12.19 96.56 48.97 
10-Sep 40.53 5.19 32.73 20.95 798.45 80.63 108.70 0.15 205.43 0.15 0.15 453.55 12.49 84.86 37.57 
17-Sep 251.37 4.93 26.97 24.87 656.04 77.72 209.21 0.00 167.01 0.00 0.30 457.81 1.50 66.50 37.23 
24-Sep 93.31 2.09 35.11 27.85 699.05 80.68 23.95 0.15 135.12 0.15 0.74 5.69 7.41 43.19 0.15 
2-Oct 99.31 4.30 34.27 28.96 558.01 70.50 50.76 1.74 32.83 0.93 0.78 437.59 7.74 53.45 37.38 
29-Oct 197.15 197.51 52.99 2.62 472.05 79.05 317.57 2.55 115.30 0.53 1.84 5.17 9.63 41.40 51.20 
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Figure D97:  2002 Meadow Brome/Birdsfoot Trefoil (MB/BFT) nitrate gls means (gls 1 = MB/BFT 
and soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
 
2002 Meadow Brome/White Clover Nitrate gls Means (60 cm)
0
100
200
300
400
500
600
700
800
900
4-Mar 23-Apr 12-Jun 1-Aug 20-Sep 9-Nov
Date
m
g 
N
O
3-
N
/L
gls 3
gls 4
 
Figure D98:  2002 Meadow Brome/White Clover (MB/WC) nitrate gls means (gls 3 = MB/WC and 
soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
  
249
2002 Orchardgrass/Birdsfoot Trefoil Nitrate gls Means (60 cm)
0
100
200
300
400
500
600
700
800
900
4-Mar 23-Apr 12-Jun 1-Aug 20-Sep 9-Nov
Date
m
g 
N
O
3-
N
/L
gls 5
gls 6
 
Figure D99:  2002 Orchardgrass/Birdsfoot Trefoil (OG/BFT) nitrate gls means (gls 5 = OG/BFT and 
soil type 1 and gls 6 = OG/BFT and soil type 2) at 60 cm. 
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Figure D100:  2002 Orchardgrass/White Clover (OG/WC) nitrate gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
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Figure D101:  2002 Tall Fescue/Birdsfoot Trefoil (TF/BFT) nitrate gls means (gls 9 = TF/BFT and 
soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D102:  2002 Tall Fescue/White Clover (TF/WC) nitrate gls means (gls 11 = TF/WC and soil 
type 1 and gls 12 = TF/WC and soil type 2) at 60 cm. 
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Figure D103:  2002 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) nitrate gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D104:  2002 Perennial Ryegrass/White Clover (PRG/WC) nitrate gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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Figure D105:  2002 Meadow Brome/Birdsfoot Trefoil (MB/BFT) nitrate gls means (gls 1 = 
MB/BFT and soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D106:  2002 Meadow Brome/White Clover (MB/WC) nitrate gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
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Figure D107:  2002 Orchardgrass/Birdsfoot Trefoil (OG/BFT) nitrate gls means (gls 5 = OG/BFT 
and soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D108:  2002 Orchardgrass/White Clover (OG/WC) nitrate gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 90 cm. 
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Figure D109:  2002 Tall Fescue/Birdsfoot Trefoil (TF/BFT) nitrate gls means (gls 9 = TF/BFT and 
soil type 1 and gls 10 = TF/BFT and soil type 2) at 90 cm. 
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Figure D110:  2002 Tall Fescue/White Clover (TF/WC) nitrate gls means (gls 11 = TF/WC and soil 
type 1 and gls 12 = TF/WC and soil type 2) at 90 cm. 
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2002 Perennial Ryegrass/Birdsfoot Trefoil Nitrate gls Means (90 cm)
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Figure D111:  2002 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) nitrate gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
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Figure D112:  2002 Perennial Ryegrass/White Clover (PRG/WC) nitrate gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm
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Table D15:  2003 nitrate (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 9&10 
= TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8  gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
27-Mar 9.43 2.81 4.36 4.27 4.10 7.26 4.85 4.66 6.28 4.93 8.76 4.50 4.91 4.36 4.49 
10-Apr 6.27 2.09 40.88 2.60 11.74 19.07 8.52 1.16 7.55 13.53 38.49 1.48 44.68 2.24 2.27 
17-Apr 215.51 541.00 375.30 42.01 11.69 22.47 8.11 12.96 216.03 9.26 371.25 9.52 47.98 8.72 256.10 
24-Apr 234.93 599.30 422.60 58.68 15.62 20.63 8.40 10.30 324.79 5.13 412.78 11.71 60.28 10.26 214.25 
1-May 47.90 463.45 292.30 39.42 11.71 15.42 7.64 6.47 193.65 2.59 357.35 2.85 44.31 5.78 136.30 
8-May 230.94 . 105.00 44.22 12.80 12.76 7.52 3.88 222.27 1.07 319.19 1.13 34.66 5.05 . 
15-May 176.93 0.00 228.18 40.00 12.67 19.26 6.75 2.22 20.45 0.00 0.00 0.00 29.03 3.63 131.30 
22-May 200.83 0.77 221.80 49.85 16.31 13.69 2.31 5.30 99.52 0.99 . 1.06 32.39 5.61 174.03 
29-May 159.09 1.36 151.39 0.53 17.26 11.59 5.81 2.89 5.45 0.00 . 0.00 100.46 5.49 . 
3-Jun 49.67 . 77.60 35.57 16.24 10.56 5.09 3.59 22.24 1.55 . 2.34 15.22 4.97 . 
10-Jun 34.41 . 7.81 2.35 15.67 11.46 6.83 . 40.61 37.68 45.28 . 17.14 3.36 . 
17-Jun 108.69 37.68 10.33 30.94 13.95 18.40 0.78 117.70 40.92 67.61 2.67 11.00 4.96 10.83 2.83 
24-Jun 0.25 . 58.72 16.67 23.38 22.90 6.59 3.02 29.31 47.32 0.00 0.02 16.72 5.30 . 
1-Jul 21.46 0.00 108.30 36.43 14.79 10.47 289.74 0.99 2.93 676.58 0.56 0.46 1.25 2.52 . 
8-Jul 114.80 667.97 31.33 22.73 2.47 9.98 5.41 190.72 56.61 681.21 11.87 1.08 1.75 1.66 3.54 
15-Jul 67.83 1.78 0.86 1.89 2.46 24.69 0.79 672.74 0.32 304.09 65.52 1.24 0.54 1.00 0.67 
22-Jul 87.10 295.79 0.12 0.06 10.78 31.47 0.32 139.18 8.14 123.15 73.28 1.88 3.91 1.41 1.27 
29-Jul 128.45 181.10 3.49 3.10 11.47 28.26 0.93 62.62 8.58 375.25 50.66 . 179.89 3.57 53.53 
5-Aug 79.95 64.94 1.33 1.16 12.40 26.50 0.00 114.30 0.85 176.85 24.42 0.00 115.69 0.84 47.54 
12-Aug 67.21 283.11 5.59 0.98 12.58 28.09 10.86 69.53 0.19 65.70 42.49 1.49 70.03 0.58 109.62 
19-Aug 84.45 0.00 1.39 1.22 8.50 26.98 0.76 99.03 0.50 154.18 6.56 0.00 72.86 1.44 32.23 
26-Aug 109.10 47.00 5.13 2.34 10.72 33.39 12.78 123.95 3.42 217.31 6.11 1.20 137.01 4.96 38.36 
2-Sep 3.81 30.55 5.39 1.58 11.10 31.60 5.08 108.99 111.74 2.08 4.44 1.97 99.03 . . 
16-Sep 1.25 3.12 10.24 111.80 5.85 0.00 75.05 66.97 30.20 25.64 16.79 0.77 35.25 8.25 34.24 
23-Sep 4.17 24.03 3.93 2.31 14.42 25.47 13.38 88.03 24.67 1.51 2.74 1.48 8.10 16.95 27.80 
30-Sep 0.09 2.96 60.07 0.46 9.81 70.55 0.00 56.18 1.70 0.00 . 0.00 65.94 4.19 109.80 
7-Oct 99.95 2.33 11.88 1.32 7.47 25.32 4.41 8.33 1.54 . 108.80 1.63 48.39 3.41 1.19 
14-Oct 85.06 7.76 5.59 1.34 8.05 30.85 1.26 . 0.59 0.33 . 1.12 43.23 12.04 75.21 
21-Oct 35.88 . 1.39 1.84 6.37 21.63 . 2.43 14.96 1.67 . 2.40 2.31 2.52 1.70 
28-Oct 15.03 4.76 4.02 5.83 6.09 37.57 . . 15.60 4.53 . 6.09 4.32 6.09 3.98 
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Table D16:  2003 nitrate (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 9&10 
= TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8  gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
27-Mar 4.89 4.62 5.46 6.56 5.59 6.67 5.93 4.22 4.68 5.68 5.41 5.26 11.85 5.92 0.44 
10-Apr 2.16 2.55 1.89 10.63 63.40 64.65 67.79 3.36 7.77 13.57 2.29 19.23 33.51 13.59 8.55 
17-Apr 83.69 4.65 38.96 23.23 52.54 78.49 224.12 4.49 12.21 13.15 0.15 63.11 54.59 61.50 55.29 
24-Apr 69.05 4.61 31.59 36.28 66.93 89.38 256.11 4.82 23.01 9.37 1.28 736.47 74.57 68.26 68.31 
1-May 25.06 0.41 39.75 21.35 11.28 71.72 47.91 3.15 35.55 6.38 0.89 605.90 55.49 48.07 59.32 
8-May 27.52 11.73 35.70 24.01 53.76 69.52 211.59 2.59 13.17 4.36 2.18 481.00 55.00 65.15 1.49 
15-May 26.93 5.49 35.05 24.07 47.99 73.79 221.76 1.99 8.22 3.50 0.58 578.30 57.71 48.73 58.50 
22-May 24.28 13.10 40.30 26.87 159.86 82.54 136.10 3.51 7.28 2.96 1.77 576.64 72.96 47.04 73.27 
29-May 31.15 6.50 36.78 25.35 64.06 82.54 247.72 4.64 4.60 2.04 3.17 603.90 73.89 42.89 . 
3-Jun 19.87 6.57 13.17 9.80 52.90 71.40 163.28 3.43 4.37 2.28 1.95 165.50 51.18 21.08 25.99 
10-Jun 9.36 5.60 18.10 10.46 44.65 60.29 64.39 3.18 2.73 2.62 1.99 166.50 36.81 11.44 47.12 
17-Jun 68.14 6.60 48.83 16.27 43.71 51.80 197.17 3.22 2.41 2.09 0.77 316.26 48.54 17.07 61.81 
24-Jun 20.34 8.09 20.74 12.69 58.95 58.84 81.78 4.51 0.88 2.16 0.00 91.95 51.38 18.77 70.24 
1-Jul 98.14 0.64 2.32 27.21 0.35 53.86 49.02 2.70 6.53 2.09 0.73 400.79 51.20 12.95 0.35 
8-Jul 85.33 7.51 13.29 15.16 203.58 49.46 177.29 2.85 1.43 1.82 54.50 428.61 43.33 11.95 53.05 
15-Jul 66.38 24.66 40.52 13.72 123.11 38.30 144.43 0.98 8.46 2.89 5.62 170.34 15.65 10.33 55.12 
22-Jul 6.54 96.54 36.76 11.81 . 1.80 41.70 0.98 0.00 154.52 0.43 73.74 12.89 8.25 5.07 
29-Jul 38.34 5.50 10.35 12.72 0.60 43.51 242.23 3.58 1.22 1.85 2.11 344.14 33.07 9.96 37.06 
5-Aug 25.14 2.45 6.71 10.45 . 32.89 136.95 0.00 0.00 0.07 0.00 149.10 26.52 5.77 27.79 
12-Aug 0.80 0.26 0.92 1.32 8.69 40.79 12.25 0.00 0.00 0.00 0.09 9.00 21.93 0.18 11.47 
19-Aug 15.79 2.30 7.34 8.65 0.18 40.18 109.95 1.38 1.31 2.38 1.22 129.97 23.54 7.67 29.06 
26-Aug 35.21 1.02 9.54 9.99 96.34 36.65 127.86 2.28 1.90 1.80 1.28 182.79 26.68 29.60 36.79 
2-Sep 21.82 1.10 9.11 8.88 40.04 39.76 125.55 3.04 3.17 3.01 1.25 180.01 25.64 . . 
16-Sep 15.04 1.12 8.62 7.10 0.00 14.89 112.56 2.41 1.40 0.00 0.00 138.70 24.01 37.88 43.17 
23-Sep 145.88 3.73 25.94 24.17 436.00 79.07 127.50 0.00 127.02 0.16 0.15 297.40 8.65 71.79 36.38 
30-Sep 100.61 5.60 8.80 16.94 0.65 138.43 30.84 3.78 32.00 1.34 0.00 147.20 27.68 124.20 47.89 
7-Oct 2.77 4.49 6.41 12.61 2.54 57.56 92.19 20.36 23.70 2.05 3.08 103.25 18.14 76.87 42.92 
14-Oct 15.11 5.96 32.32 20.82 4.32 90.29 536.00 5.64 18.80 2.01 1.43 0.99 29.08 71.15 57.09 
21-Oct 3.63 8.12 6.21 14.49 2.54 65.83 81.82 10.87 7.69 9.00 0.10 81.04 10.45 8.26 8.46 
28-Oct 4.94 4.71 7.00 17.86 12.61 43.60 59.27 5.62 9.92 5.53 5.53 39.02 6.85 4.83 5.49 
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Figure D113:  2003 Meadow Brome/Birdsfoot Trefoil (MB/BFT) nitrate gls means (gls 1 = 
MB/BFT and soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
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Figure D114:  2003 Meadow Brome/White Clover (MB/WC) nitrate gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
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Figure D115:  2003 Orchardgrass/Birdsfoot Trefoil (OG/BFT) nitrate gls means (gls 5 = OG/BFT 
and soil type 1 and gls 6 = OG/BFT and soil type 2) at 60 cm. 
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Figure D116:  2003 Orchardgrass/White Clover (OG/WC) nitrate gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
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2003 Tall Fescue/Birdsfoot Trefoil Nitrate gls Means (60 cm)
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Figure D117:  2003 Tall Fescue/Birdsfoot Trefoil (TF/BFT) nitrate gls means (gls 9 = TF/BFT and 
soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D118:  2003 Tall Fescue/White Clover (TF/WC) nitrate gls means (gls 11 = TF/WC and soil 
type 1 and gls 12 = TF/WC and soil type 2) at 60 cm. 
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2003 Perennial Ryegrass/Birdsfoot Trefoil Nitrate gls Means (60 cm)
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Figure D119:  2003 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) nitrate gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D120:  2003 Perennial Ryegrass/White Clover (PRG/WC) nitrate gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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2003 Meadow Brome/Birdsfoot Trefoil Nitrate gls Means (90 cm)
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Figure D121:  2003 Meadow Brome/Birdsfoot Trefoil (MB/BFT) nitrate gls means (gls 1 = 
MB/BFT and soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D122:  2003 Meadow Brome/White Clover (MB/WC) nitrate gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
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2003 Orchardgrass/Birdsfoot Trefoil Nitrate gls Means (90 cm)
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Figure D123:  2003 Orchardgrass/Birdsfoot Trefoil (OG/BFT) nitrate gls means (gls 5 = OG/BFT 
and soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D124:  2003 Orchardgrass/White Clover (OG/WC) nitrate gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 90 cm. 
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2003 Tall Fescue/Birdsfoot Trefoil Nitrate gls Means (90 cm)
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Figure D125:  2003 Tall Fescue/Birdsfoot Trefoil (TF/BFT) nitrate gls means (gls 9 = TF/BFT and 
soil type 1 and gls 10 = TF/BFT and soil type 2) at 90 cm. 
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Figure D126:  2003 Tall Fescue/White Clover (TF/WC) nitrate gls means (gls 11 = TF/WC and soil 
type 1 and gls 12 = TF/WC and soil type 2) at 90 cm. 
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2003 Perennial Ryegrass/Birdsfoot Trefoil Nitrate gls Means (90 cm)
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Figure D127:  2003 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) nitrate gls means (gls 13 = 
PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
 
2003 Perennial Ryegrass/White Clover Nitrate gls Means (90 cm)
0
100
200
300
400
500
600
700
800
4-Mar 23-Apr 12-Jun 1-Aug 20-Sep 9-Nov
Date
m
g 
N
O
3-
N
/L
gls 15
gls 16
 
Figure D128:  2003 Perennial Ryegrass/White Clover (PRG/WC) nitrate gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm.
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Table D17:  Three-year ammonia (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, 
gls 9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and 
odd numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
 
1 0.0885 0.0946 0.0909 0.0896 0.0828 0.0932 0.0855 0.0848 0.0929 0.0907 0.0918 0.0959 0.0914 0.0894 0.0941 
2 0.1128 0.1014 0.1084 0.1094 0.1133 0.1090 0.1085 0.1161 0.1078 0.0919 0.0954 0.1203 0.1105 0.1138 0.1122 
3 0.1219 0.0590 0.1180 0.1199 0.0589 0.0590 0.0587 0.0594 0.1209 0.2547 0.1149 0.0585 0.1316 0.1805 0.2528 
4 1.3299 1.9036 2.3759 1.4146 0.8502 1.0014 1.6540 0.8388 1.3741 1.3400 1.6048 0.9257 1.0154 1.6036 0.8195 
5 0.0876 0.1583 0.0978 0.0927 0.0702 0.1121 0.1116 0.1413 0.0896 0.0674 0.0682 0.1505 0.1185 0.1071 0.0678 
6 0.2810 0.0725 0.0749 0.0796 0.0475 0.2907 0.0599 0.0491 0.0605 0.1288 0.0649 0.1126 0.1171 0.0602 0.0985 
7 0.4958 0.0225 0.0535 0.0576 0.0412 2.9068 0.0625 0.0280 0.0400 0.1106 0.1296 0.0299 0.0384 0.0821 0.0504 
8 0.3191 0.0073 1.7902 0.2096 0.2723 2.4824 0.1511 0.0036 0.1303 0.0653 0.0595 0.1516 0.8588 0.0690 0.0926 
9 1.0508 0.7378 1.0177 0.5993 1.4625 2.1885 1.0178 0.2676 1.3374 0.0575 1.0343 0.2403 1.1752 0.3272 0.1151 
10 0.1488 0.0428 2.9694 0.1056 0.3908 0.7540 0.0510 0.0412 0.0629 0.0892 0.1730 0.0415 0.0405 0.0584 0.5642 
11 0.1154 0.0000 0.0996 0.0651 0.0350 0.1877 0.0552 0.0000 0.0350 0.4960 0.0825 0.0000 0.4189 0.0293 0.0000 
12 0.0710 0.6043 0.5022 0.0148 0.0147 0.1226 0.0616 0.0148 0.0148 0.7319 0.0937 0.0147 0.3418 0.0570 0.0000 
13 0.4594 0.2547 1.0898 0.4203 0.3420 0.4914 0.6029 0.0327 0.3633 0.6373 0.4927 0.3585 0.2066 0.2388 0.5197 
14 0.2708 0.1295 0.4802 0.0931 0.0387 0.3951 0.2502 0.0513 0.1238 2.7717 0.1848 0.1929 0.1048 0.1873 0.2981 
15 0.1545 0.1469 0.0927 0.0789 0.0465 0.3184 2.3735 0.2051 0.0966 1.5554 0.1353 0.0453 0.0575 0.0970 0.0563 
16 0.1308 0.0119 0.0466 0.0253 0.0253 0.0924 0.5740 0.0000 0.0153 0.0000 0.0452 0.0222 0.8907 0.0343 0.0108 
17 1.7339 0.2287 0.6833 0.6713 0.0527 0.6322 4.6334 0.5743 0.1429 0.0561 0.1108 0.4932 3.9163 0.0478 0.0922 
18 0.4319 2.1951 0.5393 1.5366 3.4036 2.2297 3.4618 0.3888 2.3582 0.6151 2.6084 3.2686 4.3295 1.3456 0.3896 
19 0.3154 0.3680 0.3680 0.3312 4.5717 38.3952 4.5577 0.2760 3.1576 0.5520 5.7141 0.2760 2.7917 0.3826 2.7526 
20 0.2371 0.2182 0.3533 0.8905 0.3276 5.8793 3.3567 0.3259 0.2179 0.3222 2.4886 0.3262 0.6189 0.2450 0.2179 
21 0.1349 0.0300 0.0517 0.0275 0.0224 2.6980 4.1137 0.0222 0.7782 0.0222 0.0836 0.0224 0.1244 0.1925 0.0687 
22 1.7531 0.1901 1.2329 0.3033 2.2237 1.6441 1.3210 0.3337 1.9106 0.2989 1.0068 2.1972 1.9153 0.8580 0.4645 
23 2.4428 0.0570 0.3147 0.7822 1.4577 2.2427 2.0271 0.0507 0.1365 0.0471 0.8003 0.0509 0.7899 2.7822 5.8622 
24 0.8099 0.0301 0.9814 0.1061 0.0963 0.0645 0.0941 0.0886 0.2640 0.0685 0.0945 0.1303 0.1990 0.6841 0.0831 
25 0.2254 0.0983 0.0675 0.0731 0.1007 0.0979 0.0884 0.0659 0.1152 0.0000 0.0745 0.0686 0.0753 0.2262 0.1355 
26 0.0557 0.0000 0.2318 0.0061 0.0484 0.0512 0.1173 0.1252 0.0480 0.1459 0.0679 0.0000 0.0863 0.0637 . 
27 0.0459 0.0603 0.0660 0.0578 0.0471 0.0621 0.0465 17.5590 0.0923 0.1968 0.1652 0.0503 0.0352 0.0761 0.5946 
28 0.6174 0.0460 0.0499 0.1021 0.2098 0.1999 0.0876 8.9151 0.0773 0.0679 0.1014 0.1439 0.1128 0.0876 0.0384 
29 0.1027 . 12.6563 0.0567 0.0800 18.6359 . 0.1101 8.3802 . 0.0801 16.4200 0.0940 0.0898 0.1482 
30 0.0778 0.0423 3.1725 0.0912 0.1266 1.0272 0.0292 6.5254 0.7653 0.1096 0.1406 0.0582 0.1206 0.0511 0.0952 
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Table D18:  Three-year ammonia (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = 
OG/WC, gls 9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent 
soil 1 and odd numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
week gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
1 0.0873 0.0808 0.0877 0.0928 0.0955 0.0903 0.0856 0.0872 0.0903 0.0953 0.0903 0.0814 0.0915 0.0876 0.0857 
2 0.0942 0.1087 0.0949 0.1119 0.1049 0.1126 0.1112 0.1076 0.1031 0.1117 0.1039 0.0980 0.1022 0.1033 0.1135 
3 0.5199 0.2567 0.1314 0.6779 1.7488 0.2648 0.9783 0.0594 0.6268 0.0600 0.8282 0.0592 0.7645 0.2244 0.1392 
4 2.7259 1.3693 1.1721 0.7710 2.7633 1.2514 1.8054 3.0354 1.6590 1.4679 1.4019 1.1372 1.6245 1.6075 1.4417 
5 0.1036 0.0659 0.1047 0.1273 0.0674 0.0671 0.0657 0.0679 0.1389 0.0685 0.0868 0.0688 0.0669 0.1178 0.0695 
6 0.1048 0.0946 0.0916 0.0923 0.3484 0.0879 0.1113 0.1596 0.1308 0.1262 0.1111 0.0689 0.0958 0.1002 0.1035 
7 0.0558 0.0804 0.0383 0.0611 0.0759 0.0779 0.0765 0.0272 0.0662 0.0263 0.1057 0.0257 0.0476 0.0325 0.0269 
8 0.0321 0.0777 0.1938 0.0488 0.6181 0.0964 0.2148 0.0044 0.0901 0.2353 0.2117 0.3150 0.1915 0.0942 0.0105 
9 0.9955 1.0656 3.3951 0.8948 0.5249 0.9379 1.0988 1.2682 1.2234 0.2714 0.9363 1.4199 0.5861 0.8003 0.1129 
10 0.0529 0.1459 0.1329 0.0646 0.3832 0.0420 0.1331 0.1146 0.1378 0.0923 0.1208 0.1043 0.1285 0.0838 0.0502 
11 0.0606 0.1754 0.1609 1.8552 0.0670 0.1274 0.0850 0.1352 0.0806 0.1949 0.1480 0.1862 0.0582 0.1244 0.0366 
12 0.0541 0.0701 0.0148 0.0354 0.2251 0.0148 0.0565 0.1692 0.0455 0.0149 0.0418 0.0148 0.1016 0.7811 0.0148 
13 0.2959 0.3494 0.3525 0.1700 0.2975 0.4284 0.2618 0.5128 0.2281 0.9069 0.1946 0.3530 0.3101 0.3566 0.2324 
14 0.2493 0.1094 0.0805 0.2020 0.9929 0.1550 0.1946 0.3800 0.1951 0.2139 0.2886 0.1049 0.2331 0.2468 0.2516 
15 0.1659 0.1988 0.1656 0.2024 0.0696 0.2002 0.2407 0.0564 0.1318 0.1291 0.2581 0.0731 0.1796 0.2094 0.2350 
16 1.8878 0.0540 0.1820 0.0636 0.1507 0.0094 0.1015 0.0167 0.1632 0.1012 0.0655 1.9825 0.1151 0.7198 0.1115 
17 1.6863 0.1171 0.0703 0.0515 0.2967 0.0460 0.0809 0.0323 0.0990 0.0625 0.0990 0.0867 0.1166 0.0470 0.0717 
18 1.7997 0.9055 0.3638 1.5567 4.3048 2.1470 3.1984 3.2552 1.3249 3.3383 0.4148 0.3815 2.1878 0.3551 0.3138 
19 2.1149 0.3482 0.2780 3.0983 0.2760 0.3892 0.2765 0.2770 0.2777 0.2770 2.0084 4.5733 0.2770 0.2767 0.2780 
20 1.3276 1.1876 0.2576 1.0419 15.6296 0.2558 1.2595 1.3812 1.5411 0.3245 1.6243 0.3276 1.7351 0.2477 0.2200 
21 5.1472 0.0690 0.0900 0.0229 17.6181 0.0222 0.0335 0.0224 0.0404 0.0223 0.0605 0.0224 0.0787 0.0752 0.0724 
22 2.6057 2.3077 1.3244 0.9112 2.3210 2.3361 1.2612 1.0646 0.9712 0.0193 1.7553 0.3100 1.0451 0.3287 0.2877 
23 4.5777 0.0511 0.0420 0.9872 1.8735 0.2821 1.0582 0.0518 0.7276 0.0510 0.8341 0.0521 0.1982 0.0288 2.0594 
24 2.6364 0.0897 0.1916 0.1507 2.5883 15.8616 0.0951 0.0274 0.0555 0.1058 0.0504 3.2932 0.1025 0.2093 0.0545 
25 1.3272 0.0677 0.0685 0.0665 0.0624 0.0701 0.1195 0.0643 0.1040 0.0706 0.0764 2.0591 0.0904 0.0664 0.0684 
26 0.6332 0.8553 0.0256 0.0663 0.0000 0.0584 0.6991 0.0000 0.5519 1.6977 0.0168 3.5175 0.0975 0.0983 0.0988 
27 3.1468 0.0426 0.0607 0.0436 0.2408 0.1358 0.0442 0.0454 0.0604 0.0518 0.0558 0.6850 0.0492 0.0637 0.0575 
28 0.5564 0.0601 0.2081 0.1265 0.0384 0.0544 0.0500 0.2074 0.0552 0.1172 0.0569 0.2240 0.1103 0.0608 0.0768 
29 0.6748 0.0862 0.0985 0.0878 0.0800 0.0759 0.0968 0.0851 0.0884 0.0899 0.0847 0.0992 0.0789 0.0871 0.0790 
30 0.1154 0.0730 0.0798 0.0939 0.0926 0.0763 0.0743 0.1883 0.0802 0.0451 0.1344 0.1267 0.1141 0.1115 0.1525 
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Figure D129:  Weekly Meadow Brome/Birdsfoot Trefoil (MB/BFT) ammonia gls means (gls 1 = 
MB/BFT and soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
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Figure D130:  Weekly Meadow Brome/White Clover (MB/WC) ammonia gls means (gls 3 = 
MB/WC and soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
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3 year Orchardgrass/Birdsfoot Trefoil Ammonia gls Means (60 cm)
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Figure D131:  Weekly Orchardgrass/Birdsfoot Trefoil (OG/BFT) ammonia gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 60 cm. 
 
3 year Orchardgrass/White Clover Ammonia gls Means (60 cm)
0
5
10
15
20
25
30
35
40
45
0 5 10 15 20 25 30 35
week
m
g 
N
H
3-
N
/L
gls 7
gls 8
 
Figure D132:  Weekly Orchardgrass/White Clover (OG/WC) ammonia gls means (gls 7 = OG/WC 
and soil type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
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3 year Tall Fescue/Birdsfoot Trefoil Ammonia gls Means (60 cm)
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Figure D133:  Weekly Tall Fescue/Birdsfoot Trefoil (TF/BFT) ammonia gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D134:  Weekly Tall Fescue/White Clover (TF/WC) ammonia gls means (gls 11 = TF/WC 
and soil type 1 and gls 12 = TF/WC and soil type 2) at 60 cm. 
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3 year Perennial Ryegrass/Birdsfoot Trefoil Ammonia gls means (60 cm)
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Figure D135:  Weekly Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) ammonia gls means (gls 13 
= PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D136:  Weekly Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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3 year Meadow Brome/Birdsfoot Trefoil Ammonia gls Means (90 cm)
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Figure D137:  Weekly Meadow Brome/Birdsfoot Trefoil (MB/BFT) ammonia gls means (gls 1 = 
MB/BFT and soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D138:  Weekly Meadow Brome/White Clover (MB/WC) ammonia gls means (gls 3 = 
MB/WC and soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
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3 year Orchardgrass/Birdsfoot Trefoil Ammonia gls Means (90 cm)
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Figure D139:  Weekly Orchardgrass/Birdsfoot Trefoil (OG/BFT) ammonia gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D140:  Weekly Orchardgrass/White Clover (OG/WC) ammonia gls means (gls 7 = OG/WC 
and soil type 1 and gls8 = OG/WC and soil type 2) at 90 cm. 
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3 year Tall Fescue/Birdsfoot Trefoil Ammonia gls Means (90 cm)
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Figure D141:  Weekly Tall Fescue/Birdsfoot Trefoil (TF/BFT) ammonia gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D142:  Weekly Tall Fescue/White Clover (TF/WC) ammonia gls means (gls 11 = TF/WC 
and soil type 1 and gls 12 = TF/WC and soil type 2) at 90 cm 
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3 year Perennial Ryegrass/Birdsfoot Trefoil Ammonia gls Means (90 cm)
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Figure D143:  Weekly Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 
13 = PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
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Figure D144:  Weekly Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm.
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Table D19:  2001 ammonia (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
14-May 0.0495 0.0941 0.0115 0.0187 0.0040 0.7354 0.0439 0.0154 0.0440 0.2528 0.0543 0.0189 0.1683 0.0443 0.1375 
21-May 0.0340 0.0000 0.0000 0.0579 . 11.4134 0.0019 0.0000 0.0000 . 0.4349 0.0000 0.0000 0.2020 . 
29-May 0.3103 0.0000 5.1348 0.0402 . 7.0808 0.0000 0.0000 0.0000 0.0000 0.1168 0.0000 0.0000 0.0048 . 
4-Jun 0.0334 0.0943 0.0974 0.0331 0.0651 3.5842 0.0338 0.0538 0.0239 0.0575 0.2529 0.0309 0.0471 0.0218 . 
11-Jun 0.2765 0.0084 8.7878 0.0645 0.0000 2.0674 0.0000 0.0000 0.0000 0.0000 0.3077 0.0000 0.0000 0.0065 0.9549 
18-Jun 0.1767 0.0000 0.1654 0.0018 0.0000 0.4770 0.0589 0.0000 0.0080 0.0000 0.0727 0.0000 0.0349 0.0096 0.0000 
25-Jun 0.1687 0.0000 1.4622 0.0000 0.0000 0.0823 0.0000 0.0000 0.0000 0.0000 0.1040 0.0000 0.0000 0.0000 0.0000 
2-Jul 0.1992 0.0000 2.1490 0.0000 0.0000 0.3788 0.0000 0.0000 0.0000 0.0000 0.2626 0.0000 0.0000 0.0000 0.0000 
10-Jul 0.2786 0.0026 1.1397 0.0000 0.0000 0.5736 0.0026 0.0053 0.0018 0.0053 0.2558 0.0053 0.0018 0.0053 0.0000 
17-Jul 0.1767 0.0000 0.1654 0.0018 0.0000 0.4770 0.0589 0.0000 0.0080 0.0000 0.0727 0.0000 0.0349 0.0096 0.0000 
23-Jul 0.2573 0.0000 0.0625 0.0000 0.0000 0.0790 0.2304 0.0000 0.0093 . 0.0993 0.0029 0.0225 0.0521 0.0140 
30-Jul 4.3868 0.5629 1.9266 0.1603 0.0000 1.7713 0.0000 1.5742 0.2553 . 0.1786 0.9864 3.3718 0.0000 . 
6-Aug 0.1873 0.0678 0.4613 0.2021 0.5560 0.0110 0.1279 0.0000 0.1768 . 0.0706 0.0905 4.8849 0.0116 0.0884 
13-Aug 0.0000 0.0000 0.0000 0.0000 0.0000 76.2384 0.0000 0.0000 0.0000 . 0.0000 0.0000 2.1517 0.2132 4.9531 
20-Aug 0.0029 0.0024 0.4078 0.1079 . 16.9842 0.1365 . 0.0013 . 0.0338 . 1.0317 0.0044 0.0000 
27-Aug 0.0142 0.0000 0.0583 0.0104 0.0000 5.3498 0.0000 0.0000 1.5104 0.0000 0.1095 0.0000 0.2024 0.0000 0.0925 
4-Sep 5.4980 0.0003 0.1158 0.0233 0.0003 0.0003 0.0003 0.0306 1.9299 0.0003 0.1085 0.0003 0.0123 0.0003 . 
10-Sep 3.7304 0.0000 0.0000 0.0000 0.0000 0.7057 0.0000 0.0000 0.2558 0.0000 0.0000 0.0000 0.0229 3.5440 . 
17-Sep 1.9993 0.0000 0.1123 0.0092 0.0000 0.1113 0.0000 0.0000 0.0968 0.1321 0.0626 0.0000 0.1592 2.2974 0.1081 
24-Sep 0.4799 0.0459 0.0000 0.0000 0.0000 0.0871 0.0000 0.0000 0.0000 0.0000 0.0150 0.0000 0.0144 0.4728 . 
1-Oct 0.0000 0.0000 0.1665 0.0000 0.0484 0.0094 0.0193 0.0000 0.0000 0.0000 0.1131 0.0000 0.0111 0.0000 . 
9-Oct 0.0083 0.0000 0.0348 0.0212 0.0000 0.0257 0.0000 17.5590 0.0842 0.1968 0.1652 0.0000 0.0000 0.0602 . 
15-Oct 0.0000 0.0000 0.0041 0.0149 0.3933 0.0025 0.1174 17.7151 0.0276 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
29-Oct 0.0734 0.0438 0.0983 0.0914 0.0438 0.0438 0.0438 12.7524 0.0855 0.1096 0.1100 0.0892 0.1135 0.0743 . 
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Table D20:  2001 ammonia (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
14-May 0.0789 0.1328 0.0284 0.0877 0.6460 0.1296 0.0862 0.1393 0.1874 0.2446 0.1356 . 0.0599 0.0169 0.1709 
21-May 0.0000 0.1616 0.0339 0.0955 . 0.1330 0.1082 0.0000 0.0760 0.0000 0.2369 0.0000 0.0637 0.0174 0.0000 
29-May 0.0000 0.1826 0.0813 0.0645 0.9079 0.0259 0.1058 0.0000 0.0369 0.0130 0.2149 0.0000 0.0462 0.0170 0.0000 
4-Jun 0.2470 0.0334 8.6381 0.0318 0.0473 0.0472 0.1351 0.0466 0.2020 0.1364 0.2052 0.0351 0.1354 0.0478 0.1106 
11-Jun 0.0000 0.3140 0.1792 0.0000 1.0319 0.0000 0.1775 0.0000 0.2259 0.1539 0.1699 0.0000 0.1942 0.0026 0.0280 
18-Jun 0.0732 0.2711 0.0910 0.0768 0.0859 0.2717 0.0042 0.0000 0.1384 0.2282 0.3311 0.4546 0.0360 0.1795 0.0000 
25-Jun 0.0652 0.1657 0.0000 0.0616 0.6304 0.0000 0.1251 . 0.0916 0.0000 0.0809 0.0000 0.0983 0.0000 0.0000 
2-Jul 0.1058 0.2514 0.1366 0.0835 0.7939 0.0000 0.2154 0.0000 0.1787 0.2372 0.1177 0.0000 0.2193 0.0000 0.0000 
10-Jul 0.0925 0.1888 0.1015 0.0815 0.7216 0.0000 0.1973 . 0.1261 0.2778 0.1215 0.1776 0.1651 0.0000 0.0000 
17-Jul 0.0732 0.2177 0.0910 0.0768 0.0859 0.2717 0.0042 . 0.0832 0.2737 0.3311 0.1067 0.1515 0.1795 0.0000 
23-Jul 0.0613 0.0006 0.2570 0.0329 0.3909 0.0000 0.0629 0.0000 0.2269 0.2216 0.0000 0.0220 0.1002 0.0000 0.1033 
30-Jul 0.0000 0.2197 0.1179 0.0617 0.5613 0.0000 0.1342 0.0000 0.1164 . 0.1352 0.0125 0.2319 0.0000 0.1237 
6-Aug 0.0293 0.2232 0.1154 0.0329 0.3953 0.0572 0.1335 0.3540 0.1016 0.1970 0.2024 0.0669 0.3742 0.0805 0.0000 
13-Aug 0.0013 0.1443 0.0040 0.0013 0.0000 0.2263 0.0010 0.0020 0.0033 0.0020 0.0889 0.0020 0.0020 0.0013 0.0040 
20-Aug 0.3598 0.0346 0.1098 2.3356 . 0.1132 5.0000 . 2.0813 . 2.4019 . 2.6711 0.0067 0.0098 
27-Aug 0.0033 0.0934 0.1356 0.0050 0.1761 0.0000 0.0222 0.0000 0.0363 0.0000 0.0844 0.0000 0.1129 0.1056 0.1001 
4-Sep 6.6632 0.0219 0.1402 0.0477 0.0003 4.0000 0.3916 0.0003 0.0267 0.0003 0.1075 0.0003 0.1452 0.0146 0.1353 
10-Sep 5.1367 0.0000 0.0000 0.4515 0.0000 0.6908 0.0000 0.0000 0.0178 0.0000 0.0771 0.0000 0.4440 0.0000 0.0000 
17-Sep 4.4197 0.0400 0.0580 0.0138 0.0896 0.0000 0.0746 0.0000 0.0221 0.0000 0.0148 9.5356 0.1169 0.0000 0.0423 
24-Sep 2.0612 0.0000 0.0341 0.0000 0.0000 0.0000 0.1477 0.0000 0.0514 0.0000 0.0000 5.9651 0.0409 0.0000 0.0000 
1-Oct 1.1356 0.0280 0.0512 0.0305 0.0000 0.0000 0.0000 0.0000 0.0257 0.0000 0.0000 3.7349 0.1950 0.0000 0.0306 
9-Oct 0.6708 0.0000 0.0240 0.0000 0.1991 0.0000 0.0000 0.0000 0.0215 0.0111 0.0000 1.2685 0.0000 0.0334 0.0231 
15-Oct 0.2777 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0050 0.0000 0.0000 0.5454 0.0599 0.0000 0.1153 
29-Oct 0.0946 0.1105 0.1185 0.0895 0.1214 0.0438 0.1040 0.1260 0.0886 0.0438 0.0778 0.0438 0.1295 0.1129 0.1272 
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Figure D145:  2001 Brome/Birdsfoot Trefoil (MB/BFT) ammonia gls means (gls 1 = MB/BFT and 
soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
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Figure D146:  2001 Meadow Brome/White Clover (MB/WC) ammonia gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
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2001 Orchardgrass/Birdsfoot Trefoil Ammonia gls Means (60 cm)
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Figure D147:  2001 Orchardgrass/Birdsfoot Trefoil (OG/BFT) ammonia gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 60 cm. 
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Figure D148:  2001 Orchardgrass/White Clover (OG/WC) ammonia gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
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2001 Tall Fescue/Birdsfoot Trefoil Ammonia gls Means (60 cm)
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Figure D149:  2001 Tall Fescue/Birdsfoot Trefoil (TF/BFT) ammonia gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D150: 2001 Tall Fescue/White Clover (TF/WC) ammonia gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 60 cm 
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2001 Perennial Ryegrass/Birdsfoot Trefoil Ammonia gls Means (60 cm)
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Figure D151:  2001 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 
= PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D152: 2001 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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2001 Meadow Brome/Birdsfoot Trefoil Ammonia gls Means (90 cm)
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Figure D153:  2001 Brome/Birdsfoot Trefoil (MB/BFT) ammonia gls means (gls 1 = MB/BFT and 
soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D154:  2001 Meadow Brome/White Clover (MB/WC) ammonia gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
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2001 Orchardgrass/Birdsfoot Trefoil Ammonia gls Means (90 cm)
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Figure D155:  2001 Orchardgrass/Birdsfoot Trefoil (OG/BFT) ammonia gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D156:  2001 Orchardgrass/White Clover (OG/WC) ammonia gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 90 cm. 
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2001 Tall Fescue/Birdsfoot Trefoil Ammonia gls Means (90 cm)
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Figure D157:  2001 Tall Fescue/Birdsfoot Trefoil (TF/BFT) ammonia gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 90 cm. 
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Figure D158:  2001 Tall Fescue/White Clover (TF/WC) ammonia gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 90 cm 
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2001 Perennial Ryegrass/Birdsfoot Trefoil Ammonia gls Means (90 cm)
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Figure D159:  2001 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 
= PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
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Figure D160:  2001 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm. 
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Table D21:  2002 ammonia (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
23-Apr 0.1219 0.0590 0.1180 0.1199 0.0589 0.0590 0.0587 0.0594 0.1209 0.2547 0.1149 0.0585 0.1316 0.1805 0.2528 
30-Apr 1.4097 1.0177 1.9443 1.4334 1.1377 1.4401 1.5388 1.1149 1.2751 2.1070 1.0983 1.2887 1.4648 1.7304 1.0692 
7-May 0.0961 0.2372 0.1166 0.1074 0.0596 0.1452 0.1467 0.2019 0.1008 0.0593 0.0590 0.2215 0.1437 0.1361 0.0594 
14-May 0.7159 0.0602 0.1349 0.1443 0.0595 0.0595 0.0585 0.0593 0.0591 0.0589 0.0591 0.2466 0.1202 0.0590 0.0595 
21-May 1.3770 0.0044 0.0583 0.0402 0.0044 0.0707 0.0719 0.0044 0.0450 0.1457 0.0456 0.0060 0.0269 0.0063 0.0266 
28-May 0.4454 0.0146 0.0125 0.1314 0.0106 0.0189 0.2029 0.0109 0.0733 0.1960 0.0213 0.0113 0.1145 0.0644 0.1851 
4-Jun 0.1151 0.1151 . 0.1151 3.7597 0.1151 0.1324 0.1862 0.1479 . 0.1151 0.1151 0.1151 0.1151 0.1151 
11-Jun 0.0588 0.0601 0.0122 0.1417 1.0560 0.0837 0.0143 0.0136 0.0762 0.1567 0.0605 0.0138 0.0122 0.0738 0.1735 
18-Jun 0.0641 0.0000 0.0296 0.0922 0.0000 0.0000 0.0000 . 0.0000 . 0.0923 0.0000 1.3129 0.0000 0.0000 
25-Jun 0.0000 1.2086 0.0000 0.0000 0.0000 0.2409 0.1404 0.0000 0.0000 0.1907 0.0999 0.0000 0.8820 0.1266 0.0000 
2-Jul 1.1697 0.9203 1.0356 1.1640 0.9262 0.9999 1.7144 0.0000 1.0005 1.0025 0.9932 0.9941 1.0402 0.3330 1.0394 
9-Jul 0.0030 0.2748 0.0000 0.0000 0.0035 0.0100 0.0384 0.0366 0.0055 0.0340 0.0048 0.0265 0.0000 0.0072 . 
16-Jul 0.0074 0.0000 0.0000 0.0000 0.0272 0.0000 0.0000 0.0000 0.0000 0.0040 0.0093 0.0226 0.0000 0.0090 . 
23-Jul 0.0572 0.0298 0.0327 0.0617 0.0759 0.1983 0.0524 0.0000 0.0226 0.0000 0.0257 0.0636 0.0078 0.0481 . 
30-Jul 0.0646 0.0323 0.0342 1.7662 0.0663 0.0311 0.0743 0.0582 0.0804 0.0000 0.0606 0.0000 0.0387 0.0409 . 
6-Aug 0.5520 4.8007 0.5520 3.3996 9.0074 4.7521 7.6285 0.5520 6.2704 0.5520 6.2494 9.0853 6.1990 3.4027 0.5520 
13-Aug 0.5520 0.5520 0.5520 0.5520 9.1433 0.5520 9.1154 0.5520 6.3152 0.5520 11.4282 0.5520 3.4317 0.5520 0.5520 
20-Aug 0.5520 0.5520 0.5520 2.4626 0.5520 0.5520 0.5520 0.5520 0.5520 0.5520 7.3331 0.5520 0.5520 0.5520 0.5520 
27-Aug 0.0575 0.0575 3.1619 0.0575 5.8250 5.7437 2.9304 0.0575 2.8981 0.0575 2.0430 5.7448 3.9077 1.9739 0.0575 
3-Sep 2.9175 0.0575 0.6922 2.0214 4.2752 5.9230 5.9837 0.0575 0.0575 . 2.0400 0.0575 2.0212 2.0204 5.8622 
10-Sep 0.3470 0.0000 2.3034 0.2326 0.2029 0.0051 0.1128 0.1869 0.6177 0.0000 0.1445 0.3159 0.3186 0.2667 0.0478 
17-Sep 0.1151 0.1324 0.1151 0.1251 0.2099 0.1151 0.1679 0.1151 0.2592 . 0.1151 0.1151 0.1318 0.1151 0.1932 
24-Sep 0.1672 0.0000 0.2971 0.0122 . 0.0931 0.3132 0.2504 0.0959 0.2917 0.0000 . 0.1616 0.1592 . 
2-Oct 0.1540 0.1151 0.1455 0.1490 0.2362 0.1151 0.1456 0.1151 0.1477 0.1357 0.1151 0.1151 0.1261 0.1752 0.1151 
29-Oct 0.0779 0.0000 0.3062 0.0978 0.2584 0.1366 0.0000 0.2983 0.1957 . 0.1879 0.0000 0.1552 0.0000 . 
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Table D22:  2002 ammonia (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
23-Apr 0.5199 0.2567 0.1314 0.6779 1.7488 0.2648 0.9783 0.0594 0.6268 0.0600 0.8282 0.0592 0.7645 0.2244 0.1392 
30-Apr 1.7075 0.8642 0.5597 0.9735 2.5336 1.9326 1.1579 0.8924 1.9757 2.3730 0.7207 1.7116 1.6177 1.3969 2.3081 
7-May 0.1273 0.0590 0.1315 0.1627 0.0585 0.0597 0.0597 0.0593 0.1762 0.0598 0.0910 0.0593 0.0588 0.1567 0.0587 
14-May 0.1509 0.0740 0.1702 0.1073 0.2247 0.0594 0.1697 0.2635 0.1100 0.0585 0.1114 0.0592 0.1526 0.1618 0.0595 
21-May 0.0449 0.0054 0.0044 0.0230 0.0712 0.0250 0.0433 0.0044 0.0475 0.0062 0.0471 0.0044 0.0052 0.0323 0.0044 
28-May 0.0948 0.0118 0.0871 0.0560 0.1973 0.0118 0.1519 0.0131 0.0129 0.0106 0.0637 0.0142 0.0116 0.0128 0.0120 
4-Jun 0.1350 0.1256 0.1665 0.2187 0.1151 0.1384 0.1348 0.2558 0.1151 0.1151 0.2054 0.2250 0.1613 0.1386 0.1151 
11-Jun 0.0521 0.0118 0.1089 0.0593 0.0145 0.0124 0.1083 0.2314 0.1051 0.0132 0.0797 0.2003 0.0775 0.1356 0.0108 
18-Jun 0.0000 0.1427 0.2782 5.3744 0.0000 0.0000 0.1415 0.2979 0.0000 0.2500 0.0000 0.0000 0.0320 0.0935 0.0000 
25-Jun 0.0515 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2941 0.0000 0.0000 0.0000 0.0000 0.1603 2.2987 0.0000 
2-Jul 0.6915 0.7008 0.8260 0.3299 0.0000 1.1893 0.4751 1.4384 0.4142 2.3917 0.4571 0.9625 0.7712 0.9757 0.5972 
9-Jul 0.0000 0.0016 0.0000 0.0000 0.0107 0.0176 0.0066 0.0043 0.1230 0.0000 0.0000 0.0000 0.1938 0.0047 0.0087 
16-Jul 0.0672 0.0101 0.0528 0.2462 0.0105 0.0000 0.0000 0.0000 0.1988 0.0000 0.1919 0.0000 0.1743 0.1706 0.5899 
23-Jul 5.4814 0.0624 0.0551 0.0180 0.0613 0.0281 0.0534 0.0451 0.1234 0.0821 0.0937 0.0632 0.0629 0.0412 0.0000 
30-Jul 4.5516 0.0383 0.0000 0.0193 0.0321 0.0502 0.0239 0.0000 0.1010 0.0317 0.0760 0.0829 0.0305 0.0470 0.0000 
6-Aug 4.4123 2.0143 0.5520 4.2547 8.7966 5.9081 9.0431 8.8752 3.4352 9.2977 0.5691 0.5520 5.7343 0.5520 0.5520 
13-Aug 3.7001 0.5520 0.5520 6.1953 0.5520 0.5520 0.5520 0.5520 0.5520 0.5520 3.2882 9.1446 0.5520 0.5520 0.5520 
20-Aug 3.2815 3.4255 0.5654 0.5520 0.5591 0.5520 0.5520 2.6650 2.4440 0.5520 2.3706 0.5520 2.4315 0.5520 0.5520 
27-Aug 0.0575 5.9838 3.0009 2.0057 5.9100 2.9847 2.9602 2.3030 1.9941 0.0575 3.9695 0.0575 2.0082 0.0575 0.0575 
3-Sep 1.5825 0.0575 0.0575 2.1129 0.0575 0.0575 3.0803 0.0575 2.0688 0.0575 2.0848 0.0575 0.0575 0.0575 4.1188 
10-Sep 3.6898 0.1473 0.4396 0.3308 0.2772 0.1774 0.1334 0.0000 0.0647 0.2373 0.0550 0.2651 0.1131 0.0003 0.0000 
17-Sep 1.3430 0.1151 0.1151 0.1151 0.1151 0.1272 0.1151 0.1151 0.1840 0.1151 0.1151 0.1151 0.1489 0.1151 0.1151 
24-Sep 0.1308 1.6827 0.0000 0.1022 0.0000 0.1167 1.3982 0.0000 1.0781 3.3954 0.0280 3.3000 0.0000 0.1965 0.1670 
2-Oct 0.1239 0.1151 0.1151 0.1151 0.1151 0.1633 0.1602 0.1151 0.1434 0.1151 0.1516 0.1151 0.1377 0.1423 0.1151 
29-Oct 0.1855 0.0264 0.0000 0.1086 0.0000 0.0981 0.0389 0.3453 0.0704 0.0000 0.2655 0.2551 0.1025 0.1355 0.2351 
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Figure D161:  2002 Brome/Birdsfoot Trefoil (MB/BFT) ammonia gls means (gls 1 = MB/BFT and 
soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
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Figure D162:  2002 Meadow Brome/White Clover (MB/WC) ammonia gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
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Figure D163:  2002 Orchardgrass/Birdsfoot Trefoil (OG/BFT) ammonia gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 60 cm. 
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Figure D164:  2002 Orchardgrass/White Clover (OG/WC) ammonia gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
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Figure D165:  2002 Tall Fescue/Birdsfoot Trefoil (TF/BFT) ammonia gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D166:  2002 Tall Fescue/White Clover (TF/WC) ammonia gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 60 cm 
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2002 Perennial Ryegrass/Birdsfoot Trefoil Ammonia gls Means (90 cm)
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Figure D167:  2002 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 
= PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D168:  2002 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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Figure D169:  2002 Brome/Birdsfoot Trefoil (MB/BFT) ammonia gls means (gls 1 = MB/BFT and 
soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D170:  2002 Meadow Brome/White Clover (MB/WC) ammonia gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
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Figure D171:  2002 Orchardgrass/Birdsfoot Trefoil (OG/BFT) ammonia gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D172:  2002 Orchardgrass/White Clover (OG/WC) ammonia gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 90 cm. 
  
294
2002 Tall Fescue/Birdsfoot Trefoil Ammonia gls Means (90 cm)
0
1
2
3
4
5
6
7
8
9
10
24-Mar 13-May 2-Jul 21-Aug 10-Oct 29-Nov
Date
m
g 
N
H
3-
N
/L
gls 9
gls 10
 
Figure D173:  2002 Tall Fescue/Birdsfoot Trefoil (TF/BFT) ammonia gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 90 cm. 
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Figure D174:  2002 Tall Fescue/White Clover (TF/WC) ammonia gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 90 cm 
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Figure D175:  2002 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 
= PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
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Figure D176:  2002 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm. 
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Table D23:  2003 ammonia (mg/L) gls means by week for 60 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
27-Mar 0.0885 0.0946 0.0909 0.0896 0.0828 0.0932 0.0855 0.0848 0.0929 0.0907 0.0918 0.0959 0.0914 0.0894 0.0941 
10-Apr 0.1128 0.1014 0.1084 0.1094 0.1133 0.1090 0.1085 0.1161 0.1078 0.0919 0.0954 0.1203 0.1105 0.1138 0.1122 
17-Apr . . . . . . . . . . . . . . . 
24-Apr 1.2501 2.7894 2.8075 1.3957 0.5627 0.5627 1.7692 0.5627 1.4731 0.5730 2.1113 0.5627 0.5659 1.4134 0.5698 
1-May 0.0791 0.0794 0.0790 0.0780 0.0809 0.0790 0.0766 0.0807 0.0785 0.0755 0.0773 0.0794 0.0806 0.0781 0.0762 
8-May 0.0775 0.0755 0.0783 0.0758 0.0790 0.0773 0.0773 0.0726 0.0783 0.0749 0.0778 0.0724 0.0798 0.0772 . 
15-May 0.0765 0.0814 0.0755 0.0746 0.0780 0.0725 0.0835 0.0795 0.0751 0.0755 0.0764 0.0837 0.0755 0.0779 0.0741 
22-May 0.2014 0.0000 0.2232 0.4573 0.5341 0.3474 0.3498 0.0000 0.2741 0.0000 . 0.4434 2.8912 0.1378 0.0000 
29-May 2.7701 2.0040 1.9380 1.4610 0.5627 2.8663 2.8871 0.5627 3.8405 . 5.2170 0.5748 3.3633 0.7387 . 
3-Jun 0.1113 . 0.1082 0.1107 0.1165 0.1110 0.1132 0.1099 0.1124 0.1108 0.1065 0.1108 0.1092 0.1132 . 
10-Jun 0.1020 . 0.1080 0.1014 0.1049 0.0861 0.1067 . 0.0971 0.9919 . . 0.1008 0.1029 . 
17-Jun 0.0444 . 0.0443 0.0445 0.0442 0.0445 0.0443 0.0443 0.0444 2.0050 0.0443 0.0442 0.0444 0.0445 . 
24-Jun 0.0959 0.0986 0.0849 0.0969 0.0997 0.0956 0.0944 0.0980 0.0893 0.9095 0.0873 0.0814 0.0998 0.3835 . 
1-Jul 0.6177 0.1111 0.1216 0.2793 0.1126 0.6018 0.6036 0.1120 0.3642 8.2757 0.3484 0.5469 0.3641 0.5495 0.5962 
8-Jul 0.2427 0.3672 0.1126 0.2350 0.1123 0.4781 7.0615 0.6153 0.2817 4.6622 0.2820 0.1132 0.1185 0.2724 0.1125 
15-Jul 0.0602 0.0000 0.0446 0.0142 0.0000 0.0000 1.4392 0.0000 0.0141 0.0000 0.0105 0.0000 3.0760 0.0027 0.0076 
22-Jul 0.7501 0.0908 0.0892 0.0874 0.0919 0.0942 13.8259 0.0903 0.0929 0.1122 0.0933 . 10.5496 0.0864 0.0922 
29-Jul 0.4952 0.6533 0.5657 0.5633 0.6474 0.8166 2.6292 0.6143 0.6273 0.6783 0.6592 0.6300 0.6922 0.6226 0.5284 
5-Aug . . . . . . . . . . . . . . . 
12-Aug 0.0978 0.1002 0.1002 0.1010 0.1032 0.1019 7.7715 0.0999 0.1004 0.0924 0.0990 0.1003 0.1000 0.0983 0.1018 
19-Aug 0.2254 0.0450 0.0451 0.0447 0.0447 0.0461 8.2274 0.0445 0.0460 0.0444 0.0446 0.0448 0.0465 0.3850 0.0449 
26-Aug 0.6401 0.4176 0.4209 0.8291 0.8459 0.4161 1.0323 0.9130 0.9038 0.8390 0.8689 0.8465 0.8298 0.3138 0.8714 
2-Sep 0.0930 0.0849 0.0946 0.0967 0.0980 0.0993 0.0975 0.0945 0.0962 0.0942 0.0942 0.0952 0.0934 . . 
16-Sep 0.0835 0.0753 0.0760 0.0765 0.0860 0.0773 0.1225 0.0790 0.0775 0.0735 0.0764 0.0750 0.0794 0.0862 0.0883 
23-Sep 0.0811 0.0903 0.0873 0.0942 0.0922 0.0915 0.0974 0.0827 0.0864 . 0.0933 0.0908 0.0798 0.0906 0.0777 
30-Sep . . . . . . . . . . . . . . . 
7-Oct 0.0959 0.0905 0.0973 0.0943 0.0942 0.0985 0.0930 . 0.1004 . . 0.1005 0.0880 0.0999 0.5946 
14-Oct 1.6982 0.0000 0.0000 0.1133 0.0000 0.3833 0.0000 . 0.0567 . 0.3644 0.3165 0.2620 0.0000 0.0000 
21-Oct 0.1027 . 12.6563 0.0567 0.0800 18.6359 . 0.1101 8.3802 . 0.0801 16.4200 0.0940 0.0898 0.1482 
28-Oct 0.0823 0.0832 7.6800 0.0845 0.0777 2.9014 . . 2.0147 . 0.0907 0.0855 0.0932 0.0929 0.0952 
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Table D24:  2003 ammonia (mg/L) gls means by week for 90 cm data.  gls 1 = MB/BFT, gls 3 & 4= MB/WC, gls 5&6 = OG/BFT, gls 7&8 = OG/WC, gls 
9&10 = TF/BFT, gls 11&12 = TF/WC, gls 13&14 PRG/BFT, and gls 15&16 = PRG/WC treatments.  In each gls pair the even numbers represent soil 1 and odd 
numbers represent soil 2.  Note no gls 2 is present due to the fact that meadow brome/birdsfoot trefoil was only planted on 1 soil type 
Date gls 1 gls 3 gls 4 gls 5 gls 6 gls 7 gls 8 gls 9 gls 10 gls 11 gls 12 gls 13 gls 14 gls 15 gls 16 
27-Mar 0.0873 0.0808 0.0877 0.0928 0.0955 0.0903 0.0856 0.0872 0.0903 0.0953 0.0903 0.0814 0.0915 0.0876 0.0857 
10-Apr 0.0942 0.1087 0.0949 0.1119 0.1049 0.1126 0.1112 0.1076 0.1031 0.1117 0.1039 0.0980 0.1022 0.1033 0.1135 
17-Apr . . . . . . . . . . . . . . . 
24-Apr 4.0838 1.8744 1.7845 0.5685 2.9930 0.5702 2.4530 5.1784 1.3423 0.5627 2.0831 0.5627 1.6312 1.8181 0.5752 
1-May 0.0799 0.0796 0.0778 0.0740 0.0763 0.0745 0.0776 0.0764 0.0830 0.0772 0.0806 0.0782 0.0750 0.0789 0.0803 
8-May 0.0780 0.0770 0.0761 0.0767 0.1746 0.0747 0.0781 0.0762 0.0773 0.0756 0.0739 0.0786 0.0749 0.0823 0.0802 
15-May 0.1448 0.0743 0.0766 0.0762 0.0805 0.0758 0.0781 0.0773 0.0751 0.0727 0.0767 0.0728 0.0741 0.0782 0.0764 
22-May 0.0014 0.0000 0.4129 0.0259 0.7490 0.2514 0.3868 0.0000 0.2205 0.6821 0.3566 0.9307 0.5167 0.2529 0.0194 
29-May 2.3893 3.0377 1.3807 2.1463 1.4122 2.6280 3.0266 3.5022 2.6431 0.5627 2.7638 3.9995 1.4617 2.2144 . 
3-Jun 0.1066 0.1120 0.1106 0.1129 0.1033 0.1137 0.1136 0.1123 0.1116 0.1098 0.1127 0.1126 0.1138 0.1131 0.1118 
10-Jun 0.1087 0.1125 0.1134 0.1142 0.1151 0.1105 0.1093 0.1078 0.1035 0.1065 0.1130 0.1041 0.1066 0.1003 0.1097 
17-Jun 0.0458 0.0446 0.0443 0.0445 0.0448 0.0444 0.0443 0.0443 0.0450 0.0447 0.0443 0.0444 0.0461 0.0446 0.0444 
24-Jun 0.0904 0.0959 0.0949 0.0967 0.0985 0.0960 0.0949 0.1001 0.0914 0.0918 0.0965 0.0965 0.0936 0.0941 0.1001 
1-Jul 0.6556 0.1379 0.1399 0.5247 2.2465 0.4474 0.5654 0.7556 0.3123 0.3638 0.5520 0.1371 0.3404 0.7356 0.7461 
8-Jul 0.3574 0.3687 0.3531 0.2842 0.1125 0.3291 0.7178 0.1128 0.1134 0.1136 0.2514 0.1126 0.2130 0.2781 0.1152 
15-Jul 0.1209 0.0989 0.2339 0.1399 0.0000 0.0000 0.1883 0.0051 0.1392 0.0000 0.1027 5.8623 0.1822 2.1183 0.2311 
22-Jul 0.0857 0.0933 0.0930 0.0845 . 0.0879 0.0846 0.0968 0.0796 0.0934 0.0903 0.1646 0.0875 0.0941 0.0914 
29-Jul 0.5148 0.4789 0.4241 0.3824 3.7224 0.4755 0.4186 0.5364 0.4378 0.5202 0.4021 0.5257 0.4551 0.4328 0.3893 
5-Aug . . . . . . . . . . . . . . . 
12-Aug 0.0995 0.1027 0.0977 0.2380 30.7000 0.1021 0.0968 0.0974 0.0979 0.0970 0.1005 0.1031 0.1027 0.1042 0.0982 
19-Aug 10.2910 0.0446 0.0445 0.0409 35.0600 0.0443 0.0448 0.0449 0.0446 0.0446 0.0446 0.0448 0.0445 0.0448 0.0447 
26-Aug 0.5934 0.9175 0.8322 0.6801 1.0528 0.8556 0.4319 0.8905 0.8929 0.0000 0.6395 0.8722 0.9820 0.9140 0.6702 
2-Sep 7.0138 0.0958 0.0951 0.3973 5.5630 0.0980 0.0942 0.0979 0.0960 0.0955 0.0937 0.0987 0.0932 . . 
16-Sep 0.2456 0.0819 0.0773 0.1075 7.3980 47.4074 0.0772 0.0821 0.0798 0.0802 0.0814 0.0788 0.0775 0.4184 0.0878 
23-Sep 0.5773 0.0879 0.0908 0.0843 0.0722 0.0830 0.0957 0.0778 0.0767 0.0966 0.0885 0.0972 0.0815 0.0840 0.0901 
30-Sep . . . . . . . . . . . . . . . 
7-Oct 5.6228 0.0852 0.0975 0.0872 0.2824 0.2716 0.0884 0.0908 0.0993 0.0925 0.0930 0.1015 0.0983 0.0939 0.0920 
14-Oct 1.1978 0.0652 0.5091 0.2643 0.0000 0.0000 0.0450 0.5072 0.0170 0.2366 0.0000 0.0114 0.1333 0.0401 0.0000 
21-Oct 0.6748 0.0862 0.0985 0.0878 0.0800 0.0759 0.0968 0.0851 0.0884 0.0899 0.0847 0.0992 0.0789 0.0871 0.0790 
28-Oct 0.0836 0.0912 0.0809 0.0835 0.1565 0.0872 0.0801 0.0937 0.0817 0.0915 0.0848 0.0813 0.1102 0.0941 0.0952 
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Figure D177:  2003 Meadow Brome/Birdsfoot Trefoil (MB/BFT) ammonia gls means (gls 1 = 
MB/BFT and soil type 1) at 60 cm.  Note that this treatment was only planted on one soil type. 
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Figure D178:  2003 Meadow Brome/White Clover (MB/WC) ammonia gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 60 cm.   
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Figure D179:  2003 Orchardgrass/Birdsfoot Trefoil (OG/BFT) ammonia gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 60 cm. 
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Figure D180:  2003 Orchardgrass/White Clover (OG/WC) ammonia gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 60 cm. 
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Figure D181:  2003 Tall Fescue/Birdsfoot Trefoil (TF/BFT) ammonia gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 60 cm. 
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Figure D182:  2003 Tall Fescue/White Clover (TF/WC) ammonia gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 60 cm 
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Figure D183:  2003 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 
= PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 60 cm. 
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Figure D184:  2003 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 60 cm. 
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Figure D185:  2003 Meadow Brome/Birdsfoot Trefoil (MB/BFT) ammonia gls means (gls 1 = 
MB/BFT and soil type 1) at 90 cm.  Note that this treatment was only planted on one soil type. 
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Figure D186:  2003 Meadow Brome/White Clover (MB/WC) ammonia gls means (gls 3 = MB/WC 
and soil type 1 and gls 4 = MB/WC and soil type 2) at 90 cm.   
 
  
303
2003 Orchardgrass/Birdsfoot Trefoil Ammonia gls Means (90 cm)
0
5
10
15
20
25
30
35
40
4-Mar 23-Apr 12-Jun 1-Aug 20-Sep 9-Nov
Date
m
g 
N
H
3-
N
/L
gls 5
gls 6
 
Figure D187:  2003 Orchardgrass/Birdsfoot Trefoil (OG/BFT) ammonia gls means (gls 5 = 
OG/BFT and soil type 1 and gls 6 = OG/BFT and soil type 2) at 90 cm. 
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Figure D188:  2003 Orchardgrass/White Clover (OG/WC) ammonia gls means (gls 7 = OG/WC and 
soil type 1 and gls8 = OG/WC and soil type 2) at 90 cm. 
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Figure D189:  2003 Tall Fescue/Birdsfoot Trefoil (TF/BFT) ammonia gls means (gls 9 = TF/BFT 
and soil type 1 and gls 10 = TF/BFT and soil type 2) at 90 cm. 
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Figure D190:  2003 Tall Fescue/White Clover (TF/WC) ammonia gls means (gls 11 = TF/WC and 
soil type 1 and gls 12 = TF/WC and soil type 2) at 90 cm 
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Figure D191:  2003 Perennial Ryegrass/Birdsfoot Trefoil (PRG/BFT) phosphorus gls means (gls 13 
= PRG/BFT and soil type 1 and gls 14 = PRG/BFT and soil type 2) at 90 cm. 
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Figure D192:  2003 Perennial Ryegrass/White Clover (PRG/WC) phosphorus gls means (gls 15 = 
PRG/WC and soil type 1 and gls 16 = PRG/WC and soil type 2) at 90 cm. 
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